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ABSTRACT 

In the 1960s , commercial treasure salvors of 1 7 1 5  Spanish 
Plate Fleet shipwrecks off the east coast of Florida 
encountered prehistoric artifacts and extinct animal 
fossi l s .  At first the salvors believed the material to be 
wreck-related , but later examination by archeologists 
indicated it was not associated with the wreck . In 1976 
Florida archeologists considered the possibility that the 
shipwreck might lie over an inundated terrestrial site . In 
1 9 7 8  f ieldwork was conducted to determine the nature of the 
terrestrial site and the site-formation processes that 
allowed its preservation. Although the fieldwork was done 
within the confines of commercial treasure salvage , 
sufficient controls were exercised to make some observations 
regarding the site-formation processes of both sites . The 
results of the research are discussed here , focusing on the 
terrestrial site and its relevance to understanding processes 
of inundation and preservation, and extrapolating to locate 
other continental shelf sites . The report conclusions 
present two newly derived principles of site-formation 
processes relevant to historical and marine-inundated 
terrestrial sites . 
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FOREWORD 

One issue in underwater archeology sorely in need of 
attention is distinguishing natural changes from cultural 
depositions . Understanding site-formation processes is as 
key to unravel ing archeological riddles as the understanding 
of material remains themselve s .  I am particularly pleased , 
therefore , that this office is able to bring this report by 
Larry Murphy to a wider audience . 

The f ield work for this paper was performed while Larry was 
working for the Florida Division of Historical Resources , 
Bureau of Archeological Research and originally served as a 
thesis for part of his doctoral graduate work at Brown 
University . Its appl ication, however , is broad and should be 
of interest to anyone in the field of archeology regardless 
of institutional persuasion. 

This is the first of the "special reports" in the Submerged 
Cultural Resources Unit ' s  publication series . These are 
papers not necessarily tied to any particular park or 
j urisdictional entity, but dealing with generic problems 
relevant to the entire endeavor of underwater archeology and, 
by def inition , to the archeological discipl ine as a whole.  
The fascinating example of a historic shipwreck intermingled 
with a prehistoric component in a multidimensional s ite is a 
dramatic vehicle for addressing such questions on submerged 
s ites . 

Certainly all underwater archeologists have to deal with the 
issue of s ite formation in an implicit way or in brief 
discussions tied to their site interpretations . The value of 
this report is that it explicitly addresses the problem : It 
opens the can of worms and spills them out for the enj oyment 
of a l l .  I commend the reader to what I feel is a refreshing 
treatment of a subject they will recognize as a familiar 
companion who has been previously held at arm ' s  length . 

Daniel Lenihan 
Chief , Submerged Cultural Resources Unit 
U. S National Park service 
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CHAPTER I: INTRODUCTION 

This publication seeks to correct a major weakness 
l imiting the study of underwater archeological sites : a set 
of unquestioned assumptions regarding site-formation 
processes and data-set preservation . The subj ect of 
research, the Douglass Beach site ( 8 SL17 ) , is a Florida east 
coast underwater site consisting of two components :  an 
18th-century Spanish shipwreck located above an Archaic 
Period inundated terrestrial site . This dual-component site 
provides the opportunity to observe site-formation processes 
pertinent to both components . Douglass Beach Site research 
was aimed at generating principles of submerged site 
formation and alteration . The primary research was conducted 
over seven weeks in summer 1978 . 

In recent years archeological researchers have become 
interested in formation processes and their imp lications for 
inference . Michael B .  Schiffer ' s  ( 19 7 6 ;  1987 ) theory 
accounting for variability in the material record has been 
especially influential . Schiffer recogni z ed two kinds of 
formation processes affecting archeological remains : 
cultural , where the transformational agency i s  human 
behavior ; and non-cultural ,  in which the agency is the 
natural environment . Both processes exhibit regularities 
that can be expressed as (usually statistical) laws ( Schiffer 
1 9 8 7 : 7 ,  1 1 ) . In this report, research deals only with 
natural processe s ,  specifically with the formation of 
inundated sites and historical shipwrecks , and marine 
transgression impact on prehistoric sites . 

Research objectives on the prehistoric component are to 
determine which archeological data sets survived the 
biological , chemical and mechanical effects of the marine 
transgressive sequence in a high-energy, shallow-water 
environment and long-term immersion , and then to account for 
their preservation . At the time of the original research 
( 19 7 8 ) , l ittle was known of the effects of inundation on 
archeological data . In 1981 Lenihan et al . ( 19 8 1 )  completed 
the National Reservoir Inundation Study , which examined 
freshwater impact on archeological sites . To date , no 
comparable study exists for marine inundation . 

Existence of offshore prehistoric s ites has long been 
postulated , but attempts to locate any have been mostly 
unsuccessful . Recently a model and methodology to locate 
terrestrial sites on the Outer Continental Shelf was 
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developed ( Gagliano et a l .  197 6 ;  1982 ) and tested ( Pearson et .. a l .  1 9 8 6 ) . The research reported here appl ies Gagliano ' s  
methodology and compares analytical results to his model ,  
which was based on known coastal sites . 

Douglass Beach site field research a llowed observations 
of the natural-formation processes of shipwrecks .  The 
implications of those observations force a reassessment of 
current thinking on shipwreck site processes in high-energy 
areas . 

Research in this report is not the f irst on underwater 
site-formation processe s ,  but augments a comparative 
examination of natural processes active on shipwreck sites in 
England by Muckelroy ( 1978 : 160-19 6 ) , one of the f irst to 
recognize that certain features were common to England ' s  
shipwreck s ites . 

A brief historical overview of Florida shipwreck salvage 
is important to provide context , as wel l  as to explain the 
operative thinking that influenced the work of earl ier 
archeologists . 

In the 1 9 6 0s and 1 9 7 0 s ,  the early days of shipwreck 
salvage , certain "common-sense" idea s ,  unquestioned and 
untested , prevai led regarding the nature of underwater  
archeological sites . The pivotal assumption was that  
high-energy coastline shipwrecks break up , randomly scatter , 
and continually degenerate . In Florida , these ideas deadened 
research questions and justified minimal archeological 
recording standards on governmentally supervised commercial 
excavation of internationally significant historic sites . 

Relying on this "common-sense" thinking , modern salvors 
and archeologists assumed that shipwrecks were j umbled and 
continually dispersed by the high-energy wave action of the 
shal low F lorida Atlantic coast . This "disaster-and­
degeneration" view prevailed particularly among salvors , who 
assumed that if degeneration continued , eventually nothing 
would be left . Hence, commercial salvage was justified . 

In 1 9 6 4  commercial historic shipwreck salvage in Florida 
began with the 1715 Spanish Plate Fleet , located near Vero 
Beach and Fort Pierce on the Atlantic coastl ine . Beginning 
in the 16th century , ships grouped in what are known as plate 
f leets annual ly transported New World products ,  especially 
gold , s i lver and dyestuffs , to Spain . 

In July 17 1 5 ,  all 11 ships of the heavily laden plate 
f leet--the first fleet to leave the New World in over a 
decade--sank in a hurricane that drove the ships onto shallow 
offshore reefs ,  where they broke up . Material washed ashore , .. 
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and the Spanish salvaged what they could in years immediately 
following the wrecks .  

I n  the early 1 9 6 0 s ,  the sites were rediscovered after 
beachcombers found Spanish coins , and surveys in sha l low 
water located vessel remains . Commercial salvage operations 
recovered numerous artifact concentrations , prodigious 
amounts of gold and si lver coins , bullion and artifacts . 
Florida claimed ownership , passed an antiquities law and 
began to supervise the operations after salvors were put 
under state contract . The antiquities legislation provided 
for artifact division (usually 2 5 %  to the stat e ,  7 5 %  to the 
salvors ) . The state placed field agents on board 
contractors ' vessels to monitor salvage operations . Later 
the state attempted to collect archeological data . 

Salvage efforts were haphazard and unsystematic . 
Salvors opened large holes in the seabed and frequently 
repositioned the salvage vessel to follow wreckage " trails . "  
The impression of j umbled, scattered sites was reinforced by 
the excavation methodology . 

Occasional ly ,  salvors working a 1 7 1 5  shipwreck site 
( 8 SL17 ) at Douglass Beach recovered prehistoric artifacts , 
bones and fossi l s .  Although prehistoric artifacts 
infrequently surfaced at the site , salvors assumed they were 
not associated with the shipwreck and consequently were 
seldom recorded , even after archeologists began to supervise 
the salvage program for the state . The implications of these 
prehistoric materials , which are the subject of this report , 
were not then realized because of assumptions held by those 
involved . 

The disaster-and-degeneration view influenced both 
shipwreck research and the approach to inundated terrestrial 
sites . With wreck s ,  the view justified salvage ( the salvors 
were performing an important service by recovering the 
artifacts before their inevitable loss)  and minimal 
archeological control ( the material , so obviously j umbled, 
was incomprehensible ) . Little could be gained from wrecks 
that could not be more easily obtained from archives . For 
scientists interested in examining submerged terrestrial 
sites , the implications were clear : I f  one assumed that wave 
action from the initial inundation and subsequent storms 
destroyed submerged sites on high-energy coastlines , then 
systematic research should be directed to low-energy 
coastlines . Few archeological data would survive in a 
high-energy environment . 

In recent years archeologists scrutiniz ing 
site-formation processes have contradicted the disaster-and­
degeneration view. They have demonstrated that while 
archeological remains are affected by both cultural and 
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natural forces during and after deposition, they are not 
j umbled , nor do they continually degenerate . The 
consequences of deposition are not absolute and random but 
discernible and predictable and can be expressed by general 
principles ( Schiffer 197 6 ;  1987 ) . The specific examination 
of formation processes and the formulation of general 
principles enhances archeological inference and 
interpretation . This research has , in effect , changed how we 
look at the archeological record and what we expect to learn 
from it . 

One of the most important aspects of the Douglass Beach 
s ite is the evidence of two disparate occupations--an Archaic 
site and a shipwreck--that enables an examination of an 
underwater site with two very different formation processes . 
The site research forces a revised examination of assumptions 
and methodological approaches appropriate to shipwrecks and 
inundated terrestrial sites in shallow water. 

The Archaic Period inundated terrestrial site , which has 
a well-preserved stratigraphy , prompts a revision of the 
current continental shelf site-location model to include 
areas where sites are now unexpected . The stratigraphy 
provides an opportunity to test analytical tools for site 
recognition . 

The co-occurrence of an Archaic site and a shipwreck 
raises another issue , that of structural differences between 
the two . The shipwreck is the result of an event , the 
terrestrial site the result of a long process of accumulation 
and deposition . New theories of site-formation processes 
must be developed to account for the variables of both sites 
represented at 8SL17 . While this study focuses on 
preservation of the terrestrial site , complete analysis of 
both sites will eventually have to explain the variation 
between the sites as a function of cultural and natural 
formation processes . 

In sum , the theoretical orientation here is Schiffer ' s ,  
the methodological approach follows Gagliano et a l .  ( 1982 ) 
and Pearson et a l .  ( 19 8 6 ) . The following three chapters 
present the f ield methodology , geological processes and 
analysis of Douglass Beach materials . Prehistoric site 
analysis , using standard sedimentary and geochemical 
procedures , 1s compared to Gagliano ' s  continental shelf 
site-recognition model , and suggestions for improvement are 
offered . Wave and barrier-island processes are discussed 
along with evidence from both site components to account for 
the high level of prehistoric site preservation and stability 
o f  the shipwreck . Finally, two general principles are 
presented that challenge disaster-and-degeneration 
assumptions regarding underwater sites . 
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LOCATION 

CHAPTER II: 8SL17: THE DOUGLASS BEACH SITE 

The Douglass Beach Site is located on the east coast of 
Florida 3 1/2 miles south of Fort Pierce Inlet at 2 7

°
2 5'03"N 

and 80
°

16 '03"W. The site is situated offshore Hutchinson 
Island, a 21-mile-long coastal barrier island, in depths from 
2 to 6 meters (see Figure 1) . 

THE DOUGLASS BEACH SITE: DISCOVERY AND PRIOR WORK 

The first evidence of Spanish materials near Douglass 
Beach was discovered in the 19 40s . In 19 40-1942 Charles 
Higgs conducted a surface survey of the general area in an 
attempt to correlate archeological sites with historical 
events . Higgs located a barrier-island prehistoric site 
south of Sebastian Inlet that produced Spanish and Indian 
artifacts and K'ang Hsi (1662-1772) Chinese porcelain (Higgs 
1 9 42:32 -33). 

In 1946 Hale Smith partially excavated the Higgs Site 
(Smith 1949). In addition to more Chinese porcelain, he 

recovered aboriginal Mexican wares, Spanish majolica (dated 
15 43-1723), 17th-century Delftware, bottles, glass, iron 
spikes, cannon and English pipes . Smith dated the site 
between 169 6-172 5 and considered the 1715 Spanish Plate Fleet 
a possible source for the artifacts. As evidence, he 
included a tracing of a 1 7 7 4  map by Bernard Romans that 
located 1715 shipwrecks near the Higgs Site (Smith 1949:2 5 ) . 
Romans' map was also included in a later report on a regional 
archeological survey (Rouse 19 51:5 9 ) .  (The Higgs site is 
probably related to Spanish salvage activities. ) Kip 
Wagner, a building contractor and beachcomber, is credited 
with relocation of the 1715 Spanish Plate Fleet. In the 
1 9 40s Wagner began finding Spanish coins on the beach and 
believed they were washing up from offshore (Wagner 
19 66:32-42 ) .  

After learning of the 1715 plate fleet loss, Wagner 
observed that all his coins predated 1715. He sent a coin to 
Mendel Peterson of the Smithsonian Institution and inquired 
about the 1715 fleet loss . Peterson replied that the 1715 
fleet had gone ashore 150 miles to the south in the Florida 
Keys . The negative response prompted Wagner's interest in 
historical research to determine his coins' origin . Later, a 
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friend of Wagner's located a copy of Romans • map in the 
Library of Congress confirming the 1715 fleet location 
(Wagner 1966:44) . Apparently both were unaware of earlier 
archeological publications mentioning and correctly locating 
the fleet loss . 

In 1 9 5 9  Wagner located a shipwreck offshore and applied 
to the state for an exploration contract (Burgess and Clausen 
19 76:89) . The next year he assembled a commercial salvage 
group and signed a contract with the state of Florida, whose 
salvage law had been enacted in 1958 . 

In 1964 the Douglass Beach shipwreck site was located . 
That year Carl Clausen became the first state underwater 
archeologist . A year later he published a report (Clausen 
1965) on Douglass Beach, which remains the only professional 
report on any 1715 fleet shipwreck . State field agents were 
placed on salvage vessels in 19 6 6 to monitor operations, 
collect field data and record field notes . 

In 1972 W . A. Cockrell replaced Clausen as state 
underwater archeologist and began excavating a submerged 
Paleo-Indian site at warm Mineral Springs (Cockrell 19 73; 
19 74; 1980) . From 19 73-19 7 7  I was Cockrell's assistant . 

During the yearly fieldwork at Warm Mineral Springs, 
field agents who monitored commercial salvage vessels 
received training in archeological field methods . Cockrell, 
who recognized the possibility of submerged sites beneath 
shipwrecks, attempted to enhance data collection on the 1715 
shipwrecks . 

Cockrell was concerned with provenience of shipwreck 
materials . The positioning and plotting methods used prior 
to 1972 were so imprecise as to render scarcely usable data . 
After 1972 the state updated salvage-vessel positioning by 
replacing compass bearings, which are too coarse for accurate 
plotting, with double horizontal angles, first taken with an 
Ilon Position Finder (a device for taking horizontal angles 
that is calibrated only to the nearest quarter-degree) 1 and 
later with sextants . The shore-based targets that were used 
for the horizontal angles were surveyed and mapped for the 
first time in 1976 . Cockrell and Murphy ( 1978a) devised a 
mapping system employing large-scale maps that included clear 
overlays for different artifact categories . A three-arm 
protractor was used to rapidly plot the position of each 
excavation on the site maps . 

We chose Douglass Beach for the first base map because 
prehistoric artifacts and fossils had been recovered there, 
and we believed that an inundated site was a possibility . We � conducted a review of past field notes and plotted artifact 
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locations for 1972-19 7 5  (Murphy 1976) . This study revealed 
the site had been excavated less than we thought and had 
produced a few fossils and non-fossil bones. 

For the first time in 1976, field agents assigned to 
accompany the 1715 wreck salvors were instructed to recover 
all faunal and prehistoric material . The 1976 excavation 
produced four bone pins and 15 bones, including Pleistocene 
horse teeth. These recoveries increased interest in 8SL17 as 
a possible inundated terrestrial site. In the past, other 
evidence had pointed to the possibility of a submerged site 
at Douglass Beach, but it had been ignored. Megafaunal 
remains had been reported, and a tooth recovered (Florida 
Division of Archives site files) . I observed megafaunal 
remains at the site in 1973. A human cranium and projectile 
points were recovered in the 1960s, but these materials were 
not relocated by the state archeological conservation 
laboratory until the mid-l980s. 

Realizing the Douglass Beach Site's importance as a 
submerged terrestrial site, Cockrell attempted to close it to 
further commercial treasure salvage upon the expiration of 
the original salvor's lease in 19 7 7 .  Unfortunately, no legal 
means existed to prevent commercial exploitation of Douglass 
Beach because of state salvage regulations; the site could 
not be permanently closed. As an alternative, Florida 
granted a salvage permit to a company on condition it fully 
cooperate with an on-site archeologist. In 1978 I was hired 
by the state of Florida as project archeologist for two 
months of excavation at Douglass Beach and verified the 
presence of an inundated terrestrial site (Cockrell and 
Murphy 1978a,b). 

METHODOLOGY OF 1978 INVESTIGATIONS 

The 1978 Douglass Beach Site excavation and survey took 
place between June 21 and August 13. On 4 6 working days, 
salvors used two salvage boats to dig 932 holes of varying 
sizes and depths, mostly as contiguous holes that formed 
short trenches. A new "hole" was recorded for each movement 
of the salvage vessel. A state field agent was aboard each 
salvage vessel. Sextants were used to position excavation 
vessels, and horizontal angles were taken from three large 
targets on the beach. A scaled base map was updated whenever 
the salvage boat was moved. The boat was normally moored 
stern to shore, with sextant sightings taken above the screw 
and water depths taken with a weighted tape. 

A prop-wash deflector, the common method of commercial 
wreck salvage in Florida, was used for all 1 9 7 8  excavations . 
The deflector, or "blower, " is a right-angled, 
transom-mounted device somewhat larger in diameter than the 
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vessel's screw. It is pivot-mounted so it can be lowered to 
direct the prop backwash downward . During excavation the 
vessel is secured in a three- or four-point moor with the 
deflector in position. When the engines are engaged, a 
powerful column of water is forced through the deflector to 
blow a large, circular hole in the sea bottom. 

Once a hole is opened, the engine speed can be decreased 
and the hole will remain open. A new hole can be dug, the 
hole enlarged or moved in a specific direction by mooring 
line adjustment. Digging speed, as well as hole size and 
depth, can be changed by altering engine revolutions. 

A serious limitation of the deflector for archeological 
applications is that it is difficult to control. The 
powerful prop wash rapidly displaces or disintegrates 
cultural materials, precluding stratigraphic excavation. 
Usually stratigraphy is observable only in the sloping sides 
of the hole. Even when the engine is idling, the water 
volume is often excessive for shallow-water excavation. Hull 
movement unevenly erodes the hole, which tends to collapse as 
soon as the prop wash stops. 

In 1978 I placed restrictors of various materials over 
the prop-deflector intake to minimize the water flow reaching 
the bottom in an attempt to overcome some of the device's 
limitations. Restrictors, together with very small mooring 
line shifts, made possible stratigraphic observation and 
sample collection. 

I observed that when a particular grey, fragile, sandy 
stratum was present, any Spanish coins located there were 
always found directly above it. This stratum was easily 
distinguishable from the overlying marine sediments. The 
grey stratum was rapidly eroded by the downwash, and was 
visible briefly during initial excavation or in the side of a 
stabilized hole. When the mooring lines were shifted, the 
stratigraphy could be examined in the newly eroding portion 
of the hole. With careful mooring line adjustment, a trench 
could be dug in the bottom. 

Three zones were recorded beneath the marine sand: Zone 
3, a 2 5-centimeter-thick grey, sandy layer directly beneath 
the marine sediments; Zone 2 ,  a loose, sandy layer about 2 0  
centimeters thick; and zone 1, a resistant, hard-packed, 
sandy layer containing many strata. The overlying marine 
sandy sediments averaged between 1 and 2 meters, and the 
water depth was 4 to 5 meters. 

With experience, it became increasingly easy to discern 

• 

• 

the top two strata. When excavating the northwest portion of • the site, the upper stratum's absence indicated the area had 
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been previously dug. Often a deep hole dug by past salvors 
well into Zone 1 stratum was encountered that yielded coins 
and artifacts that had been overlooked in the old hole 
bottom. 

Most undisturbed strata were located just inshore from a 
shallow reef area within 200 meters of the beach (Figure 5 ,  
Chapter 4) in the northwest portion of the site, where the 
majority of the bone pins and faunal material were discovered 
(Figures 5 and 6). (The bone pins recovered in 1976 were 
also from this area. ) As the bathymetric contours indicate 
(Figure 5) , undisturbed areas were inshore of a 3-meter-deep 
reef line and at a depth of 3-4 meters. No Zone 3 or Zone 2 
strata were reported seaward of this reef. 

In undisturbed areas, excavation proceeded slowly, and 
as carefully as the restricted deflector allowed. During the 
two-month project, 28 field samples were collected, primarily 
from the northwest site area. Two macrobotanical specimens 
from Zone 3 were collected at different times from just 
beneath the marine sediments to establish the date of the 
underlying sediments (see Radiometric Dating below). 

A 2-inch-diameter core from Zone 1 was taken from an 
undisturbed area in the northwest part of the site (Figure 1) 
to aid in determining the stratigraphy of that zone. To 
collect the core, a hole was opened through Zones 3 and 2. 
The core was pounded into the bottom sediments with a sledge 
hammer, capped and dug out with the deflector. Twenty-five 
inches of sediments were extracted in the core (Figure 4, 
Chapter 4). The core was split, examined and stored. Bulk 
samples of Zone 1, 2 and 3 were collected in the vicinity. 
Soil samples were stored and analyzed for pollen, 
geochemistry and sedimentary constituents in 1988 . 
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GEOLOGY 

CHAPTER III: GEOLOGY AND COASTAL PROCESSES 

The primary geological formation in the area is 
Anastasia Formation , which is common along Florida ' s  east 
coast from the type-site location of Anastasi a  Island near 
S t .  Augustine to just north of Miami , where it grades into 
the Miami oolite l imestone formation. Anastasia l i thology 
varies from coarse rock to sand , and shelly marl to sandy 
l imestone , with mollusks typically associated . Often the 
formation consists of broken shells cemented by calcium 
carbonate and iron oxide (Cooke 1945:2 6 6 ) . Iron oxide 
streaks , sometimes erroneously attributed to the presence of 
shipwreck materials , are frequently observed in this 
formation . 

Originally "Anastasia Formation" was applied only to 
coquina rock , but it now includes a l l  Pleistocene marine 
deposits ( Cooke 1945 : 2 65) . The deposit is estimated to be 
more than 1 0 0  feet thick (Puri and Vernon 1964 : 2 8 2 ) . 

Offshore deposition from features such as bars , r idges 
and elevated dunes account for uneven formation . Anastasia 
contains peat and clay deposits (some of which were observed 
during s ite excavation about 2 0 0  meters offshore) from 
lagoonal deposition on landward sides of sand bodies 
{Missimer 1984 : 3 94 ) . Anastasia Formation compr ises the 
exposed reefs offshore Douglass Beach and underl ies Holocene 
sediments . 

once bel ieved to be early Pleistocene in age , Anastasia 
is more recent, forming during many periods during the 
Pleistocene {Brooks 1972 ) . Observations made during 
shipwreck excavation indicate Anastasia may sti l l  be 
forming . Above Anastasia is "worm rock , "  composed of 
Seba llarid worm deposition . 

COASTAL PROCESSES 

The principal natural forces affecting Douglass Beach 
archeological remains are waves , longshore drift, sea-level 
change , barrier-island formation ,  migration and erosion . 
Understanding these remains requires investigation of coastal 
processes . 
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Waves and Currents 

Complex interaction of waves , wind , tide and current 
determines coastline morphology. Waves hitting Douglass 
Beach have an uninterrupted fetch of thousands of miles , 
which is one reason the area is considered a high-energy 
environment . Wind is the major wave producer . An average of 
26 percent of annual winds blow from the north or northeast , 
where the intensity is greatest ; 4 8  percent of annual winds 
come from the east , the south or southeast . Winds from other 
directions have a quieting effect on the waves . Most waves 
between 4 and 8 feet high come from the north-northeast, 
those exceeding 12 feet mostly come from northeast . Average 
annual wave height is 2 . 1  feet ( U . S .  Army , corps of Engineers 
nd. : C-5-6 ) . The northern wave propagation creates a net 
southerly littoral drift . 

The mean semidiurnal tides at Fort Pierce Inlet are 2 . 6  
feet , with spring tides of 3 .  0 feet . severe onshore winds 
can raise tides an additional 3 to 4 feet . High wind 
velocities coupled with low barometric pressures , such as 
those accompanying tropical storms , have pushed the tides as 
high as 13 feet above normal (U. S .  Army Corps of Engineers 
nd . )  . 

Storm surges associated with high tides and large waves 
can be very destructive to coastal areas . Storm conditions 
create strong longshore currents that can totally erode sand 
bars and low-lying dunes in hours and breach barrier 
islands . 

Hurricanes and " northeasters" are major storms common to 
the research area . Hurricanes usually occur between August 
and October , with a 2 0  percent chance of a tropical cyclone 
(winds in excess of 119kmjhr) hitting Douglass Beach in any 
given year ( Gentry 1984 : 51 1 ) . Northeasters , which occur 
annual ly during the winter months , erode the shoreline . 
Eroded beach sediments are normally replaced during the 
summer . 

Wave impact is typically seen as an overwhelmingly 
destructive force to submerged sites . There has been little 
investigation of actual wave impact to archeological sites , 
and common-sense ideas have prevailed . An extensive 
wave-process investigation is beyond the scope of this 
report ,  but some relevant aspects and observations wil l  be 
discussed, drawing primarily from Bascom ( 19 8 0 ) . 

• 

• 

As ocean waves and swells enter shallow water , their 
systematic circular wave motions become turbulent in the surf 
zone. Bottom sediments are put into suspension by wave 
action . The relative size of particles put into suspension • and the length of time they remain so is a function of 
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particle size and weight and the energy of the wave . S imply, 
bigger waves can suspend bigger particles . When the 
turbulence diminishes, heavier particles come out of 
suspension f irst . The depth below the sea bed of sediment 
disturbance, cal led the wave bas e ,  is directly related to 
wave height . 

Wave suspension and transport of sand causes beach 
erosion and littoral drift . wave steepness ( the 
height-to-length ratio) is important for sediment transport . 
When the wave is not steep , sand is moved toward shore ; when 
steep , the shore may erode , forming an offshore bar while 
building up the shore berm . These processes take place on 
the sand-grain leve l ,  with a suspended grain moving a short 
distance before dropping, while others are picked up and 
moved a bit farther . The net transport, which takes place 
mostly at the top of the seabed, may be large , but each grain 
is moving only a short distance at a time . 

These processes have two important implications for 
coastal and inundated site s .  First , heavy wave action erodes 
beach and dune s ites and displaces lighter materials in the 
direction of littoral drift . Denser materials tend to remain 
in place , for there is a size and weight l imit for materials 
that are transportable under a certain set of conditions • 
Second , any site buried beneath the deepest wave base will 
not be disturbed by wave turbulence . 

Impl ications for shipwrecks are similar . Although 
larger and heavier materials can be moved by wave action, 
they tend not to move much, but drop more or less vertically 
to the wave bas e .  A shallow sea during a storm can be 
visua l ized as a sand/water mixture , mostly water near the 
surface and mostly sand near the sea bed . The mixture 
becomes denser (more sand particles per volume of water) 
toward the wave bas e .  The solid bottom is the wave base , the 
repository for all materials too large or heavy to be put 
into suspension . As the storm subsides and wave action 
diminishe s ,  particles come out of suspension and bury the 
heavy materials at the wave base , a process observed in heavy 
seas near Douglass Beach . 

Some shipwreck materials deposited in a storm , or later 
subjected to storms , may become differentially sorted . 
Materials much heavier than the suspended particles w i l l  move 
vertically down through the sediments unti l  their weight is 
supported by the bottom sediments . A dense artifact will 
quickly settle to the wave-base level and be buried by 
increasingly l ighter sediment as the storm subsides . 
Materials with a high specific gravity drop quickly to the 
wave base to be buried and do not "wash up" on the beach a s  
d o  l ight , buoyant materials . Coins found by beachcombers are 
the result of human, not wave , activity. The only 
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conceivable way coins and other dense materials could reach • the beach without direct human action is by f loating ashore 
on something buoyant . 

Differential sediment sorting was observed during the 
excavations at Douglass Beach . The uppermost seabed stratum 
was composed of relatively fine material . Within the marine 
sand , layers of coarser material s ,  which represent wave base 
levels of recent storms , could be observed. Coins , ferrous 
artifacts , and beach rocks , when found in unexcavated areas , 
were located directly above a 5000-year-old stratum . The top 
of this stratum represents the maximum wave-base depth s ince 
17 1 5 .  The coins and artifacts have not moved about , but have 
been laterally stable . Further evidence for shipwreck­
artifact stability is the lack of sand wear on gold coins and 
j ewelry from 1715 shipwrecks (personal observation , Florida 
artifact collections ) . A recent examination of the state's 
col lection of 1 4 0 1  gold coins revealed only two with evidence 
of sand wear ( Craig 1988 : 3 5 ) . 

Sea Level 

Sea-level fluctuation is a critical component for 
reconstructing paleoenvironment , prehistoric populations and 
subsistence patterns in North America . Sea level varied 
widely between 14000 and 2 0 0 0  B.P., a period that includes • Paleo-Indian and Archaic periods . The Douglass Beach 
prehistoric component was deposited during a lower sea level 
and altered by transgressive seas . A discussion of sea level 
relevant to archeological interpretation in Florida , where 
the importance of sea level was first realized, follows . 

The most recent changes in sea level reflect a lterations 
in the vo lume of water in the earth ' s  oceans relative to the 
volume held in glaciers (Antev 192 8 ; F lint 1 9 5 7 ;  Donn et a l .  
1 9 62 ) , a s  well as a lterations in circulation patterns and 
therma l regimes . The inverse ratio of sea-to-glacial-water 
volume , and corresponding a lterations in sea level 
( glacio-eustatic level ) ,  are used as a basis to infer changes 
in paleoenvironments , subsistence and settlement patterns 
( Cockrell 19 8 0 ;  Belknap 198 3 ;  Kraft et al . 1 9 8 3 ;  Masters and 
Flemming 198 3 ; Flemming 1 9 8 5 ) . 

Late Quaternary sea-level curve formulation i s  important 
to the study of continental shelf inundated sites. Because 
sea level determines coastlines , lower sea levels exposed 
large continental shelf areas ( e . g . , Emery 1 9 5 8 ;  Ballard and 
Uchupi 19 7 0 ;  Cockrell 198 0 ;  Belknap 1983 } and made them 
available for human habitation . Any complete model o f  the 
interre lationships of North American human groups ,  
environment and long-term changes must consider sea level and 
currently drowned continental shelf areas . • 
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Sea-level effects are particularly notable in Florida 
because of the gradual continental shelf s lope on the 
southern and Gulf coasts . The Gulf sea level during the last 
glacial maximum (about 1 8 0 0 0  B . P . ) was on the order of 160 
meters below present level (Ballard and Uchupi 197 0 ) , which 
would double Florida ' s  land mass . 

In 1940 sea-level rise was f irst demonstrated in 
Florida , and was incorporated into archeological 
interpretations in 1948 by John Goggin (Goggin 1964a : 98 ) . In 
1959 Gogg in , an early pioneer in underwater archeology , 
suggested " . . . the shore lines during glacial advances are 
now under many feet of water . For some periods of man ' s  
cultural h istory there may well be far more data under the 
sea than on the land" (Goggin 1964b : 3 05-6 ) . Goggin ' s  
statement is probably the first formulation of the hypothesis 
that inundated terrestrial sites would be located offshore . 
Some of the first drowned-site evidence was discovered that 
same year off the California coast by divers who recorded 
stone mortars underwater (Shepard 1964 ) . 

In 1966 Emery and Edwards established a relative 
sea-level curve and discussed archeological impl ications 
(Emery and Edwards 19 6 6 : 73 4 -5 ) . They noted both Paleo-Indian 

and Archaic habitations were l ikely submerged offshore , and 
s ites of a particular period could be located at specific 
depths . 

In 1968 Ripley Bullen located a 2700 B . P .  s ite on the 
barrier is land beach south of Sebastian Inlet j ust north of 
Douglass Beach (Bullen et a l .  1968 ) . The top of the s ite was 
2 . 5  feet below the high-tide water level . Thi s  s ite was the 
f irst located on the East Coast that demonstrated clear 
evidence of a lower sea level . Bullen noted the s imilar ity 
of sea-level variation to the Gulf coast s ites (e . g . , Bullen 
and Bullen 195 0 )  and concluded the possibil ity of 
Paleo-Indian and Archaic offshore s ites (Bullen et al . 
1968 : 15 ;  Bullen 1969) . 

Pleistocene faunal remains have been recovered from the 
Atlantic shelf (Richards 19 3 8 ;  Whitmore et al . 1967 ; Emery 
1969) , and artifacts have been found in the Gulf of Mexico 
( e . g . , Goodyear and Warren 1972 ; Warren 1972 ; Goodyear et a l .  
198 0 ) . Goodyear (et a l .  198 3 )  reported 2 7  Paleo-Indian 
points dredged from Tampa Bay . It is possible to determine 
sand abrasion microscopically (Shackley 1974 ) , but Goodyear 
does not mention such analysis . If there is no sand wear , 
which indicates movement , then the artifacts may represent 
subsistence activities rather than redeposited materials . 

Emery and Edwards ( 19 6 6 : 7 3 4 ; 
remarked that l ittle might remain 
tools , "  because of the advancing seas 
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materials produced by the passage of the 
s ites . "  This perspective , a good 
disaster-and-degeneration view, has been 
investigators , and contributes to the 
offshore inundated sites . 

surf zone over the 
example of the 

mirrored by later 
low interest in 

The primary geological question of relevance to Douglass 
Beach is the establishment of a curve that accurately 
represents the  past shore position relative to the present 
leve l . Recent sea-level research will be d iscussed to 
develop a general pattern for the southeast . 

The Southeast is assumed to have been geologically 
stable for the last 12 , 000 years (Blackwelder 1 9 8 0 ;  Redfield 
1 9 67 ) , consequently isostatic changes will not be 
considered . Mid- and South-Atlantic coastline stability has 
been questioned ( Clark 19 8 1 ;  Dillon and Oldale 1 9 7 8 : 58 ,  
although they assume a stable Florida west coast ) . 

Sea level may have been 2 5  feet higher than present at 
100 , 0 00 B . P .  (Hoffmeister 1974 : 2 5 ) . Glacial advance lowered 
the sea level to the present level between 3 5 0 0 0  and 2 5 000 

• 

B . P .  ( Curray 1960 , 19 6 5 ;  Milliman and Emery 1968 ) . As glacial 
advance continued , sea level receded to 120-160 meters below 
current level . The minimum sea level has been debated . 
Curray ( 19 6 5 )  and Milliman and Emery ( 19 68 : 112 1 )  indicate 1 3 0  • meters below present level at 16000 B . P . , whereas Blackwelder 
et a l .  ( 19 7 9 )  and Oldale and O ' Hara ( 19 8 0 )  put the level 
above 100 meters . Some researchers question any attempt to 
establish a sea-level curve below 60 meters with current data 
( e . g . , Emery and Merrill 1979 ; Macintyre et a l . 197 8 ) . 

There has also been disagreement as to when the maximum 
ice advance occurred . Some geologists place maximum 
glaciation ( and lowest recent sea leve l )  about 2 0 0 0 0  B . P . 
( e . g . , Curray 19 6 5 ;  Emery and Garrison 1967 ; Shepard 1 9 6 3 a ;  
Blackwelder et a l .  1979 ) , but others place i t  a t  1 5 0 0 0  B . P .  
( Emery and M i l l iman 197 0 ;  Emery and Merr i l l  19 7 9 ;  Newman 
1977 ) . In either case , Paleo-Indian and Archaic periods were 
characteri zed by a changing environment and transgressive 
seas . The s ignif icance to Douglass Beach and other offshore 
sites is that the surf zone has passed over a l l  coastal 
areas , compl icating geoarcheological interpretation . 

Glacial meltwater from a general c limatic warming 
beginning about 1 4 0 0 0  B . P .  (Mi l l iman and Emery 1 9 6 8 : 1 1 2 1 )  
rapidly raised sea level to within 10 meters o f  the current 
leve l .  The rate of rise slowed , with the present sea level 
reached between 2 0 0 0  and 4 0 0 0  B . P .  Archeological evidence in 
Florida ( Bullen 1950 , Bullen et al . 1 9 6 8 )  supports the recent 
date . Sea level has continued to rise ( Shepard 1964 ; 
Redfield 1 9 6 7 ) ; the last century ' s  rise attributable to • thermal expansion of the oceans (Gornitz et a l .  198 2 ) . 
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General eustatic sea- level rise has been noted world-wide ; 
many regional curves are congruent , with local variations 
observed ( Gui lcher 1969 ) . However , caution must be used when 
accepting the levels measured for any single coastline as 
indications of global levels ( Emery and Garrison 1967 : 68 7 ) . 

Although there are some varying opinions regarding the 
nature of sea-level rise in the last 6 , 0 0 0  years ( e . g . , 
Fairbridge 1 9 6 0 , 19 6 1 ;  McFarlan 1961 ) , the consensus is that 
transgression slowed, but has continued to r ise to the 
present ( Shepard 1963a , b ; 1964 ) . No evidence for Florida 
clearly reflects a level higher than current ( Coleman and 
Smith 1 9 6 4 : 8 3 3 )  , nor a long sti ll-stand at a lower level 
( Schol l  et a l .  1 9 6 7 ) . 

Two general sea-level rise models have been offered : a 
smooth , continual rise and a fluctuating curve . Smooth 
curves have been generated by most researchers ( e . g . , Shepard 
1 9 6 3 a ,  1964 ; Milliman and Emery 1968 ; Curray 1 96 0 ,  1 9 6 5 ; 
Coleman and Smith 1964 ) , with a fluctuating curve represented 
by Fairbridge ( 19 6 0 ,  1 9 6 1 ) . 

Most sea-level curves are averaged data representations 
from a wide area . Production of f ine-grained regional 
sea-level curves is more complex , reflecting both local and 
general f luctuations . Southeast researchers have recently 
developed regional sea-level curves for the last 6 , 0 0 0  years 
that are relevant for Douglass Beach . 

Southeast sea-level rise follows the general eustatic 
transgressive curve of rapid rise to 6 0 0 0  B . P . , then slower 
rise with apparent periodic oscil lations on the order of +/-
1 meter evidenced in South carolina ( Brooks et a l . 1979 ; 
Colquhoun and Brooks 198 6 : 2 8 9 ) . One- to 2 -meter f luctuations 
appear to have occurred every 400-500 years ( Co lquhoun et a l . 
1 9 8 1 ) . These fluctuations would have to be glacio-eustatic 
in or ig i n .  They conform to similar sequences reported in the 
Netherlands ( a  tectonically stable region , Shepard 1 9 6 4 : 57 5 ) , 
and are transgressive between 2 3 0 0  and 2 0 0 0  B . P . , 3 3 0 0  and 
3 0 0 0  B . P .  1 and 4 500 and 4 0 0 0  B . P .  ( Colquhoun and Brooks 
1 9 8 6 : 2 8 9 ;  Colquhoun et al . 1980 : 14 5 ) . 

Compared to the sea-level research in south Carolina , 
there has been relatively l ittle done in Florida . Published 
work does not conflict with the South Carolina curve , but 
does not clearly reflect similar f luctuations . Scholl and 
Stuiver ( 19 6 7 )  produced a smooth curve for Florida generally 
conforming to the South Carolina curve ( Colquhoun and Brooks 
1 98 6 ;  Brooks et al . 1 9 8 6 ) , without cyclic f luctuations . 
Scholl et a l .  ( 19 6 7 )  used hatching to indicate the area of 
uncertainty in the dates . The South Carolina fluctuations 
observed are accommodated within the hatched area . 
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The sea-level curve used for interpretation of Douglass � 
Beach is in Figure 2 .  The recent Southeast sea-level curve , 
as shown in F igure 3 ,  is the model for changes within the 
last 6 , 0 0 0  years . 
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1 9 7 9 : 62 6 )  

General Sea Level curves ( from Field et a l .  
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sea-level fluctuation in the last 1 4 , 000 years 
profoundly affected coastal-zone geomorphological 
environmental features . The dominant features of 
Douglass Beach Site are marshes and barrier islands . 
understanding of the interaction of barrier islands and 
level is important in accounting for site preservation 
formation processes . 
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Barrier I slands 

Holocene transgressions radically altered the coastal 
zone as the rising sea crossed the outer continental she l f ,  
averaging 1 5 0  km i n  width . The transgression caused a 
landward migration of shoreline features . Upland areas 
sequentially became fringing marsh, marsh became lagoonal ,  
lagoonal areas became beach ridge s ,  and beach became sea 
bottom . The varying transgression rates differentially 
a ltered coastal features ,  compl icating local archeological 
interpretation . Delaware , for example , retreated at 2 0  
meters/year at 1 0 0 0 0  B . P . , 5 metersjyear at 5 0 0 0  B . P . , and 
at present has a 1 . 5  metersjyear retreat ( Belknap and Kraft 
19 8 1 : 4 2 9 ) . Retreat rates can be estimated from the steepness 
of the local sea-level curve and the shelf profile gradient . 

Because the dominant Douglass Beach coastal feature is 
the barrier island and lagoon complex, barrier-island 
development and migration are discussed to examine their role 
in site formation and preservation . Because the processes 
responsible for the preservation of the Douglass Beach 
prehistoric component may be uniformitarian ,  the results will 
be significant wherever barrier islands exist , including 
submerged offshore . Becau.se barrier islands are common , 
large and easi ly recognizable features , they can contribute 
as a basic element in an elaborated continental shelf 
site-location mode l .  Barrier islands with their 
characteristic linearity, anomalous elevation and sedimentary 
profi les could become s ignatures of preserved strata during 
remote-sensing surveys and coring operations . 

The possibility that barrier-island migration may affect 
archeological sites was suggested by Bullen in 1968 when he 
was excavating the cato s ite on the Atlantic coast near Vero 
Beach ( Bullen et a l .  1968 : 15 ) . The e laboration o f  this 
insight has been a central concern of the Douglass Beach s ite 
research . 

Barrier islands , barrier spits and associated marshes 
are distributed extensively worldwide, currently found on 9 
percent of the world ' s  coastline (Leont ' yev and Nikiforov 
1 9 65 : 6 1 ) . Some of the largest barrier islands are in North 
America , and the features are nearly continuous on both the 
Atlantic and Gulf coasts . The 2 , 000-kilometer coastline 
between New York and Miami contains 12 1 barrier and sea 
islands that form 21 percent of the United States estuarine 
environment ( Hayden and Dolan 1979 : 10 6 1 ) . 

Origin of Barrier Islands 

A model of barrier-island origin extends the Douglass 

• 

• 

Beach observations to other areas . The basic question is • whether barrier is lands formed only in their present location 
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or a lso during lower sea-level stands . I f  they formed during 
lower stands , remnant barrier features may be considered a 
priority for archeological survey . 

The exact origin of barrier islands i s  not well 
understood , primarily because they seem to be formed in 
different ways ( Schwartz 197 1 ;  Field and Duane 19 7 6 ;  Hayden 
and Dolan 197 9 ) . Four formation mechanisms are postulated : 
upbui lding of marine bars ; segmenting of elongating spits by 
inlets ; submergence of mainland coastal beach ridges ( F ield 
and Duane 197 6 : 69 2 ) ; and submarine barrier emergence during a 
short-term sea-level fall (Leont ' yev and Nikiforov 1 9 6 5 ) . 

The drowned-beach ridge theory ( e . g . , Hoyt 1 9 6 7 )  
suggests barriers are formed subaerially during a lower 
sea-level stand and later submerged . The spit-formation 
theory maintains barrier islands begin as spits built up by 
longshore currents carrying sediments from eroding 
headlands . Inlets then segment elongated spits to form 
barrier i sland chains ( Schwartz 1 9 7 1 ) . Otvos ( 19 7 0 )  provides 
evidence that Gulf Coast barriers form by upward aggradation 
of submerged shoals during sea-level r ise . Litt l e  evidence 
exists to support a longshore drift origin of barrier i slands 
( Field and Duane 19 7 6 : 69 3 ) . Barrier is lands are typically 
formed from sea-f loor material and require large 
unconsolidated sediment reserves on a gentle submarine beach 
gradient . A submarine bar is incapable of becoming an 
exposed feature without a brief fall in sea level that 
exposes the top of the feature and al lows the accretion 
processes to begin ( Leont ' yev and Nikiforov 1965 : 63 ) . 

Geological fieldwork and sedimentary analysis have 
provided support for each theory in various places . 
Consequently, it is apparent that barrier i slands have 
multiple causality ( Schwartz 1 9 7 1 ) . The four theories also 
indicate that barrier islands form during periods of 
sea-level rise as wel l  as during brief regressions . 

It i s  generally agreed that present barrier i slands 
formed during the last 5 ,  000 to 6 ,  0 0 0  years ( Dolan et a l .  
19 8 0 :  1 8 )  . A question exists a s  to whether they formed in 
their current position , or were formed at a lower level and 
migrated to their present location . The general formation 
process seems to be a heavy sediment load pushed by 
transgress ive seas . The base of many current barriers is 
5 - 1 0  meters below sea level , the level of transgression 
slowdown at 5000-6000 B . P . , when sea-level f luctuations are 
recorded ( Brooks et a l .  198 6 : 29 9 ) . This congruence could be 
coincidence , however . Field and Duane ( 19 7 6 )  provide 
evidence of transgressive barrier-lagoon complexes over much 
of the inner continental shelf , and they argue that barriers 
forming in place only in the last several millennia would 
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require a set of special conditions counter to the principles � of uniformitarianism ( 19 7 6 : 69 8 ) . 

Investigations of barrier-island sediment origin 
supports Field and Duane ' s  theory . The sediments forming 
North American barriers were partially suppl ied by ancient 
Pleistocene barriers ( strandl ines) deposited at times of high 
interglacial sea level (Kraft 197 1 ;  Belknap and Kraft 198 1 ) . 
Sufficient unconsol idated sediment was avai lable to supply 
barrier systems from a depth of 8 0  meters during the last 
transgression . Consequently, wherever there are sufficient 
sediments , barrier islands could have formed on the 
continental shelf shallower than 8 0  meters . 

Presence of abandoned strandlines left from the 
pre-Holocene recession is important because they may have 
been , utilized by humans prior to inundation . The present 
continental shelf has been composed primarily of marine and 
coastal sediments during all times of human access . In the 
case of Florida , the sea level prior to 1 0 0 , 0 0 0  B .  P .  was 
higher than present and has passed over the current coast and 
nearshore areas during the last recession . Prior to the 
postglacial rise in sea level , the continental shel f  was 
composed of sediments from the post-100 , 0 00 B . P .  regression . 
Consequently , Paleo-Indian and Archaic occupation areas , even 
when far from the occupational contemporary shor e ,  wi l l  be  
associated with marine coastal sediments and geomorphological  
features . Implications are that continental shelf 
archeological sites will require a thorough understanding o f  
long-term coastal processes t o  sort out early site-formation 
processes . 

Migration of Barrier Islands 

Unlike the dispute on barrier-island formation 
mechanics , there is l ittle disagreement that barrier is lands 
are mobile features and that most North American barrier 
islands are migrating landward . Much evidence exists to 
support the latter observation , including pea t ,  stumps and 
lagoonal facies located seaward of ocean beaches ( e . g . , 
Blackwelder et a l .  197 9 ;  Burgess 19 77 ; Curray 19 6 0 ;  D i l lon 
and Oldale 19 78 ; Emery and Merr i l l  1967 ; Emery et a l .  1967 ; 
Field et a l .  1 9 7 9 ) . 

One of the most important barrier-island migration 
processes is subaerial sand overwash into the back-barrier 
lagoon or marsh . During severe storms , high waves and surge 
tides combine to top the island and wash a sediment layer 
onto the backside of the lagoon. The shape of the barrier 
may be altered , but there is a general conservation of 
sediment . The cumulative effect is movement from the seaward 
s ide of the barrier to the landward side ; a net landward • 

2 4  



• 

• 

• 

movement seems to be the primary migratory process during 
rising sea level ( Field and Duane 19 7 6 : 69 3 ) . 

In addition to overwash , inlets cut through barrier 
islands . Inlet movement can rework the sediments and 
stratigraphy of barrier islands ( Hoyt and Henry 1 9 67 : 82 ) . 
Barrier islands can be recognized by their associated 
sediments ; however , because of shore processes related to 
migration , portions of the record may be removed , inverted or 
obscured in local ized areas ( Hoyt and Henry 1 9 67 : 8 4 ) . 

As the barrier island retreats at the front of r is ing 
sea level and moves across back-barrier lagoonal and marsh 
depos its , the seaward face of the island can be eroded ( Swift 
1 9 68 ) . This shore-face erosion is usual ly seasonal .  
Seasonal variation at Douglass Beach is winter erosion and 
summer accretion . 

Belknap and Kraft ( 19 8 1 : 4 3 0 )  note that inlet , lagoonal 
and estuarine sediments are more l ikely to be found preserved 
on the outer continental shelf ; barrier and dune sediments 
are somewhat less likely to be preserved . 

Preservation of Barrier Islands Offshore 

Because barrier islands have formed whenever certain 
conditions are met , and are moved by transgressive seas and 
differentially eroded , inundated barrier remnant features may 
be found on the outer continental shelf . Curray observed 
that certain submerged ridges "probably represent old 
barriers and spits only partially flattened during the ( most 
recent] transgression" ( Curray 1960 : 2 6 3 ) . There is 
sedimentary evidence that barrier islands have existed in 
many places on the shelf and migrated shoreward during the 
Holocene transgression ( Field and Duane 19 7 6 : 7 0 1 ) . 

Paleobarriers have been located off the New Jersey coast 
in 2 0  to 4 0  meters of water ( Stubblefield et a l .  198 3 ) . 
These barriers were bel ieved formed between 8 0 0 0  and 1 4 0 0 0  
B . P .  The model developed proposes that when rapid sea-level 
rise exceeded the amount of available sediment needed to 
maintain the barrier islands , they became submerged . Initial 
erosion removed the dunes and upper levels of the island , 
leaving the lower portions . Sanders and Kumar ( 19 7 5 )  and 
Rampino and Sanders ( 19 8 0 )  discuss drowned barriers off the 
coast of Long Island and cite evidence for a 5-ki lometer j ump 
of the transgressive Holocene shoreline from the seaward side 
of the barriers to the landward edge of the lagoon . The 
shoreline jump eroded the barrier dunes and left lower 
sediments preserved . 

Belknap and Kraft ( 19 8 1 )  demonstrate that sea-level rise 
rate i s  a dominant factor in outer-shel f  feature 
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preservation . Better preservation is found in water depths • 
of 8 0  to 140 meters than the nearshore areas . However , 
a lthough they note that the nearshore zone may have been 
"planed" by a slower sea- level rise , there are cases of 
lagoona l ,  tidal inlet and delta , and some barrier facies 
preservation . In general , they note that "the more rapidly 
the shallow offshore is placed below wave-bas e ,  the lesser 
the destruction of the stratigraphic column" ( 19 8 1 : 4 3 4 , 4 3 6 ) . 

It i s  clear that barrier islands move through a process 
of overwash that deposits subaerially exposed sediments onto 
the back-barrier features . This layer of sand builds up and 
shields the lagoon-related sediments--and any related 
archeological site--from direct exposure to shoreface 
erosion .  As the barrier island moves shoreward , pushed by 
rising sea leve l ,  the lagoonal sediments can be preserved. 
By the time the barrier island passes completely over an 
area , sea level has risen , tending to place some back-barrier 
lagoonal sediments below the active marine wave bas e .  This 
process can potentially preserve inundated terrestrial s ites 
in a high-energy environment . 

The recognition of barrier-island processes coupled with 
demonstrated preservation of inundated relict barrier-island 
features augments the current site-location model for 
prehistoric sites on the continental she l f .  The • 
paleo-barriers with associated lagoonal sediments beneath 
them should be considered high-probabil ity areas for future 
continental shelf archeological surveys . The Douglass Beach 
Site demonstrates archeological site preservation by this 
process . 
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CHAPTER IV: ANALYSIS AND RESULTS 

RADIOMETRIC DATING 

Five radiocarbon dates have been generated for 8SL17 . 
Three samples were recovered in 1978 and dated in 198 2 : a 
peat sample from the beach inshore of the site , and two wood 
samples hand-collected underwater from the stratum 
immediately below the marine sediments ( Zone 3 ,  which i s  
equivalent t o  sample 6 in the sedimentary and geochemical 
analysis [ Figure 4 ] ) . The two underwater samples ( FS 8 5  
117-FS - 7 2 0  and 7 2 9 ,  both collected by the author) were dated 
by Teledyne Isotopes of New Jersey ( sample number 7 2 0  = 
I - 12 , 7 6 3 ; Number 7 2 9  = I-12 , 7 6 4 )  . The peat sample ( FS 8 5  
117 -Sample 3 ,  Bottom , Sta . 1 ,  I - 12 , 76 5  collected by W . A .  
cockre l l )  came from a shoreface stratum exposed by a storm . 

All samples were treated for removal of carbonates and 
humic acids and the dates were based on a half-life of 
5 , 56 8 .  The dates were : Sample 7 2 0--4 8 8 0  +-100 B . P . ; Sample 
7 2 9--5080 +-110 B . P . ; Peat--1000 +- 8 0  B . P .  The two 
underwater samples establish the date for the youngest 
sediments beneath the marine sand overburden . The peat date 
marks the youngest back-barrier sediment encountered on the 
marine shoreface of the barrier island . The peat date 
provides a measure of recent island migration because peat 
can only form on the landward side of a barrier island . 

The fourth sample was analyzed in 1 9 8 4 , soon after 
commercial salvors discovered a l inear feature cons:i.sting of 
stakes driven into the sediments . A 3 by 2 0-centimeter 
sharpened stake that was battered on the end provided a 4 6 3 0  
+ - 1 0 0  B . P .  date ( I- 1 3 , 8 4 1 0 ) . 

The fifth sample,  extracted in 1988 from the 1978 core , 
was a dark , organic-rich layer ( core level 3 , Figure 4 )  
composed of organic materials , quartzose sand and scattered 
shell fragments . Unfortunately, the sample contained 
insufficient organic material for dating, so the carbonate 
fraction ( 0 . 16 grams of carbon) was dated . Except for 
sample-size difficulties , all analytical steps proceeded 
normally,  and a quadruple count was applied to reduce 
statistical counting errors . The sample dated at 9 1 1 0  +- 3 1 0  
B . P . ( 2 8 1 1 1 )  . 

Radiometric analysis indicates that all sediments below 
the marine stratum are older than 4 8 0 0  B . P .  The core date 
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( 9 1 1 0  +-3 1 0 )  may be specious because of contamination by 
older shell overwashed from barrier-is land sediment , 
originally from farther offshore . 

The peat sample indicates shoreward migration of the 
barrier island . The peat formed on the landward s ide of the 
barrier island 1 , 000 years ago ; the is land ' s  migration s ince 
then has exposed it on the seaward shore . 

The stake dates the 
discovered . Unfortunately , no 
feature . 

PALYNOLOGICAL ANALYSIS 

only prehistoric feature 
archeologists observed the 

Palynological analysis was conducted to determine past 
f loral communities to aid prehistoric subsistence-pattern 
reconstruction. Pollen analysis also reveals the impact of 
natural processes . For example , absence of palynologically 
d iscrete strata or presence of mechanically damaged pol len 
marks wave disturbance of the sediments . Modern pollen 
presence below the marine strata indicates sediment mixing . 

Three bulk samples , one each from Zone 3 ,  2 and the 
upper portion of Zone 1 ,  along with strata from the core 
( Figure 4 )  were analyzed . The analysis results , including 
sediment description and pollen prof i l e ,  are reported in 
Appendix 3 ( Cummings 1988 ) . 

The core consists of six strata . The dark layer 
represents a marsh environment . The other layers reflect 
pine-dominant vegetation, with some hardwoods and 
salt-tolerant species consistent with regional 
paleoenvironmental reconstructions . 

Environmental reconstruction cannot be reliably based on 
a s ingle core and three samples . Comparisons cannot be made 
with adj acent areas because no other pollen samples were 
taken . Obviously more data are needed to understand 
environment and settlement changes resulting from a 
fluctuating , general rise in sea level . Transitions from 
upland ecology to marsh and estuary , then lagoon and f inally 
to barrier island present a complex reconstruction problem . 

However , Douglass Beach Site p
.
o llen analysis does 

demonstrate that reconstruction 1s possible . Two 
observations from the pollen analysis are directly relevant 
to formation processes . First , the pollen analyzed from the 
bulk samples and all but the lowest stratum of the core was 
plentiful and well-preserved, with l ittle weathering or 
mechanical damage . This strongly indicates a low-energy 

• 

environment , because pollen deposited in high-energy • environments rarely survives ( Pearson et a l .  1986 : 2 8 5- 2 8 9 )  . 
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Second, the pollen assemblages were stratigraphically • 
discrete , indicating no mechanical mixing of strata . No  
pollen leaching was present (cf . Ruppe ' 198 0 : 4 1 -2 ) . 

Absence of casuarina (Australian pine) in the samples 
lends additional support for pollen record integrity and its 
reliabi lity for environmental reconstruction. The analyst 
had been requested to search specifical ly for thi s  pollen , 
because its presence would indicate mixing of the strata 
below the marine sediments . Australian pine, an exotic 
species introduced after 1900 , is the dominant vegetation on 
the barrier island inshore of the site . I f  the sediments had 
been significantly disturbed in this century ,  would 
undoubtedly be present . 

FAUNAL ANALYSIS 

Although faunal material was usually ignored by salvors , 
some f inds of bones and teeth were recorded in the early 
records from the Douglass Beach Site . In 1976 a 10-year 
compilation of field notes listed 3 0  entries for bones 
( Murphy 1 9 7 6 ) . These faunal remains , particularly 
Pleistocene species and a human cranium recovered in the 
1 9 6 0 s ,  found at Douglass Beach raised the possibil ity of an 
inundated terrestrial site . In July 1966 , salvors reported 
megafaunal remains ( State of Florida site files ) . I observed 
these remains and recovered three bones in 1973 as a state 
f ield agent during commercial salvage operations . The 
dark-tan bones were contained in Anastas ia formation . A 
review of state conservation laboratory records prior to 1974 
produced 1 1  teeth ( many appear to be  3 3  unidentified 
bones and 10 identified ones , the latter including four 
turtle and four cow bones , a fish maxilla and a deer horn. 
Unfortunately , site provenience is lacking , so the bones may 
have come from any of the shipwrecks being worked in the 
area . 

In 1976 state field agents started recording occurrence 
and provenience for all faunal and aboriginal materia l ,  along 
with shipwreck-related artifacts . During the season 2 1  bones 
were recorded, including three Pleistocene horse teeth and 
four aboriginal bone pins . Little site excavation occurred 
in 1977 . 

The 1978 faunal material recovered is all that is 
available for study from the 1715 sites , because the state 
has given faunal mater ial recovered in all other seasons to 
salvors (James Levy , personal communication ) . The state 
apparently attempted to maximize the number of shipwreck 
artifacts in its 2 5-percent portion , and consequently placed 

• 

a low priority on faunal remains . The 1978 material was 
exempted from the salvors'  artifact division by Cockrel l ,  who • was then the state underwater archeologist . 
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Field agents and salvage divers working on the Douglass 
Beach Project in 1978 collected more than 100 faunal 
specimens--more than twice the total amount for a l l  1715 
s ites recorded before then . All material removed from 
previously undisturbed areas was below the marine sediments 
and consequently older than 4 8 0 0  B . P .  Figure 5 is a s ite map 
depicting faunal distribution . 

. Table 1 .  1978 Faunal Recoveries 

MAMALS : Homo  - 4 fragments of right calcaneus ; 1 
left talus , all appear to be from the same individual ;  1 1  
fragments o f  same bone - femur . 

 sp . ( Pleistocene horse) - 11 teeth 
Odocoileus  (deer) - distal end of humerus ; 4 
fragments from tibia shaft;  1 second phalanx, 3 fragments , 2 
from same bone as is probable third , tibia . 

  (pocket gopher) - right femur . 
Unidentified mammals - 1 portion of mandible ( not examined by 
zooarcheologist) ,  16 fragments probably from same bone ; 2 
fragment s ;  2 fragments from same bone ; 1 fragment ; 1 6  
fragments from same bone ; 1 fragment - head o f  scapula ; 1 
fragment scapula ( ? ) ; 1 fragment - rib; 2 fragments . 
FISH : Arius felis ( catfish) - 1 bone ; 2 fragments from the 
same bone ; 1 bone . 
Galeocerdo  (tiger shark ) - 1 tooth. 
osteichthyes 1 parasphenoid fragment ; 1 unidenti fied 
fragment . 

 ( stingray) - 2 fragments from the same bone ; 1 bone . 
cf .  marinus (gafftopsail catfish) - Left supraoccipital 
fragment from large individua l .  

  (grouper) - 1 bone . 
 cromis (black drum) - 1 vertebra. 

 nebulosus ( sea trout) - 1 bone . 
 sp . ( snapper ) - 1 fragment . 

 corona - 1 complete shell .  
 - 1 shell too l ,  unifacially sharpened . 

BIRDS - Aves - unidentified . 1 bone , ostial tibiotarsal .  
REPTILES - Cheloniidae ( sea turtle) - 14 fragments ;  1 left 
pubis .  
cf . Cheloniidae - 5 fragments .  

  ( gopher tortoise) 3 fragments ; 1 
fragment of xiphiplastron . 
Kinosternon sp . ( freshwater turtle) - 1 fragment . 

 sp . ( sea turtle) - 1 bone , possible humerus . 
Chelonia  - (green sea turtle) 2 bones . 
unidenti fied turtle - 5 fragments . 
UNIDENTIFIED - 2 fragments from same bone ; 5 7  fragments ;  2 
shaped bone pins ( a  total of 4 bone pins were recovered in 
1978 and 4 in 1 9 7 6 ) . 
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The faunal material is well-preserved and at a level • expected from burial with organics (Greg MacDonald , personal 
communication) .  The presence of multiple fragments of s ingle 
bones indicates a minimal-transport depositional history . 
Bone appearance reflects a low-energy depositiona l 
environment with minimal transport : Except for some 
Pleistocene horse teeth , no faunal material shows evidence of 
sand wear ; the edges and breaks are clean and sharp ( e . g .  , 
Plates 1 and 2 ) ;  fragi le processes and delicate features are 
present , and the surface texture is clear . The horse teeth, 
a l l  late Pleistocene , fall into two distinct groups , with no 
intermediaries : a brown-colored , well-rounded type , and a 
black-colored type that shows l ittle wear . All are 
mineralized . Clearly two depositional and erosional 
histories are represented . Horizontal provenience reveals 
two groups that correspond directly to the worn-unworn 
categories . The worn specimens came from a 2 -meter-deep 
offshore reef . The unworn teeth were found farther offshore 
beyond the reef in 3-4 meters of water . The shallower 
Anastasia reef was apparently eroded , exposing the 
Pleistocene materials and al lowing movement sufficient to 
create sand wear . This wear probably took place during the 
last Pleistocene sea-level regression . 

No conclusive evidence of cut mark s ,  use or a lteration 
was observed on any faunal specimens . The smal l  size of some • fragments can be attributed to human or scavenger activity . 

Most specimens date at least to the Archaic Period , and 
are permineralized ,  indicating that none comes from the 
shipwreck. The faunal material contains a significant marine 
component , including grouper , shark and sea turtle . 

The remainder of the species represents an estuarine and 
upland component . The total assemblage reflects a wide 
subsistence pattern prior to 4800-5000 B .  P .  (Milanich and 
Fairbanks 19 8 0 :  3 5-4 9 ) . Although scant , the human material 
may represent a single buria l .  The presence of smal l  bones 
and multiple fragments of a single bone indicates minimal 
movement . The relationship of the skeletal material 
recovered in 1978 and the cranium found in the 1 9 6 0s i s  
unknown . 

ARTIFACT ANALYSIS 

Only the prehistoric artifacts recovered in 1978 were 
analyzed to determine age and cultural affi liation . The 
shipwreck materials were transported to the state 
conservation laboratory , where they were documented and 
treated prior to the division with the salvor . 

I n  1978 11 prehistoric artifacts were recovered : f ive • ceramic sherds , a shell tool , four bone pins and a small , 
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undiagnostic l ithic flake . 
exists for these artifacts . 

Only horizontal provenience 

The ceramics were recovered in previously dug areas and 
are well water-worn . Two of the dark sand-tempered sherds 
had a l ight-brown exterior . 

The ceramics are Glades Plain , which Goggin and Sommer 
( 19 4 9 : 3 3 -4 ) have described as a heavily sand-tempered paste 

with a partially smoothed and uneven exterior . Rouse 
( 19 5 1 : 2 4 7  , 2 5 0 )  found Glades Plain ceramics in the Douglass 

Beach region and considered them intrusive from the south . 
Glades pottery appeared circa 5 0 0  B . C .  (Milanich and 
Fairbanks 1980 : 2 3 3 ) . The shift from pre-Glades to Glades 
Period subsistence and settlement patterns , which occurred 
after sea level approached the present height , is described 
by Cockrell ( 197 0 ) . 

The ceramics are much younger than the top stratum ( Z one 
3 ,  4 5 0 0  B . P . ) and therefore not associated with the older 
mater ials . The rounded , water-worn appearance of the sherds 
(Plate 3 )  indicates they have been subjected to the surf 
zone . Sherds possess a density similar to marine sand and 
are easily transported by waves and currents .  

The Hoyt Midden site ( 8 SL43 ) ,  discovered in 1 9 7 8  near 
DNR marker 52 at the Douglass Beach Site northern boundary, 
i s  the probable sherd source . Glades Plain and St . Johns 
Plain pottery were collected from the site . The Hoyt Midden 
is in a low-lying hammock area , which is subject to some 
erosion ( Florida State Master Site F i l e ,  Field Survey Form, 
Sept . 1 8 ,  1 9 7 8 ) . 

A single shell tool ( Plate 4 )  was recovered offshore 
from a previously dug area of Douglass Beach . The tool was 
microscopically examined for use wear . The shell surface 
appeared polished, and marine sand grains were observed 
wedged into small cracks in the body of the shell ,  indicating 
that the tool had been subjected to marine transport . 
However , the sides of the too l ,  which had been ground , and 
the working edge were relatively sharp and defined. The tool 
was not rounded l ike the rocks and shells located in the surf 
zone ; overall indications are that it has not been subj ected 
to the surf or offshore turbulence for a long period . The 
tool was probably uncovered by previous salvors , displaced 
and reburied . Its surface became polished and the sand 
grains embedded when the tool was moved during s alvage 
operations . 

Stylistical ly ,  the shell tool is consistent with the 
4 8 0 0  B . P .  date of the Zone 3 stratum , while the ceramics are 
not . Many shell tools have been found in Middle Archaic 
contexts in Florida ( e . g . , Bullen and Bullen 197 6 ;  Clausen et 
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a l .  19 7 9 :  612 ; Masson 1988 : 3 1 3 ; Masson et al . 19 8 8 ;  Ritchie � 
et al . 1 9 8 1 )  and Texas (Mokry 1 9 8 0 ) . 

Eight bone pins have been recovered from the Douglass 
Beach Site , four in 1976 and four in 1978 ( F igure 6 ) . A 
typical example is depicted in Plate 5 .  Most of the pins are 
perminerali zed but not water-worn , a lthough some have 
discernible surface erosion. Numerous bone pins , typically 
manufactured from long bones of deer , have been recovered in 
Florida from Paleo-Indian, Archaic and later periods 
(Milanich and Fairbanks 1980 : 3 5 -4 9 ,  102 ) . They are 

particularly common in the Middle Archaic ( 7 0 0 0 - 4 0 0 0  B .  P . )  
( e . g . , Clausen et a l .  1979 : 6 12 ; Beriault et a l .  19 8 1 : 4 8 ) . 

Two proj ectile points have recently been recovered from 
8 SL17 and examined by archeologists,  a lthough more have been 
reported (personal communication , Allen Saltus ) . A Middle 
Archaic Newnan ' s  Lake Point (Plate 6 ) , was recovered in 1979 
( Figure 6 ) . The point does not show the wear expected for 
l ithics subj ected to sediment-bearing waterflow ( Shackley 
1974 ) . Newnan points have been recovered from 5 4 0 0  B . P .  
burials at Tick Island ( Bullen 197 5 : 3 1 ) , Little Salt Springs 
( Clausen et al . 19 7 9 : 612 ) and the Bay West site ( Beriault et 

a l .  198 1 : 4 9 ) , which are dated at 6000 B . P .  The second point , 
recovered in the 1 9 8 0 s ,  was a 9 5 0 0  B . P .  Bolen Point ( James 
Dunbar ,  personal communication) . � 

In the 2 0 -year period of excavations in the Douglass 
Beach no midden material and only one non-wreck feature has 
been reported . In 1984 salvors discovered a l ine of wooden 
stakes that were pounded into the ground . A 3 by 
2 0-centimeter stake that was battered on one end and 
sharpened on the other was recovered and dated ( 4 6 3 0  +- 1 0 0  
B . P . ) .  Wooden stakes and similar artifacts have been located 
in Archaic contexts ( e . g . , Beriault 1 9 8 1 : 4 5 - 6 ) . Wooden 
stakes associated with 7000 B . P .  burials were recovered from 
the Windover Site in Florida ( Doran and Dickel 1988 : 3 6 5 ,  
3 6 8 )  . 

Little can be surmised about the nature of the 
terrestrial site at Douglass Beach beyond establishing its 
presence and age . Commercial exploitation of the shipwreck 
site has left few indications of site activity . Sedimentary 
and geochemical analysis of the site , however , can contribute 
to locating other continental shelf sites that can inform on 
coastal adaptations in Archaic and Paleo-Indian times . 

SEDIMENTARY AND GEOCHEMICAL ANALYSIS 

Sedimentary Analysis Methodology 

Core sediments and three bulk samples recovered from the � Douglass Beach s ite were analyzed for sedimentary and 
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Plate 3 .  sand - tempered ceramic sherd from Douglass Beach . 

 

 

Plate 4 .   shell tool from Douglass Beach . 
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chemical composition and compared to the model developed for � 
submerged sites of the Northern Gulf of Mexico by Gagliano 
(et a l .  1 9 8 2 ) . Gagliano ' s  model was developed as a 

methodology for submerged terrestrial site recognition in the 
Gulf of Mexico . The model has not been tested against known 
inundated sites , although it has been used in an attempt to 
locate inundated terrestrial sites in the Gulf ( Pearson et 
a l .  1 9 8 6 ) . 

Douglass Beach provides the first opportunity to examine 
the sediments of a dated site to determine the deterioration, 
migration and leaching of chemicals in anthrosols submerged 
for m i llennia in seawater . Unfortunately , Douglass Beach 
Site data potential is limited due to the sma l l  number of 
samples col lected and the lack of stratigraphic excavation . 
No comparative off-site samples were recovered in 1978 , and 
the reliance on the prop-wash deflector precluded 
stratigraphic excavation . However , the core and bulk samples 
together a llow stratigraphically discrete analysis and 
comparisons . Therefore , comparative analysis of the 8 SL17 
sediments can contribute to supporting and refining the 
Gagliano model , which is the most promising s ite-recognition 
tool available for continental shelf inundated terrestrial 
s ites . 

The Gagliano model provides a framework for assessing • Douglass Beach site disturbance . I f  the sedimentary and 
geochemical configuration of strata are distinct , minimal 
disturbance may be inferred; contrarily, similarity would 
indicate mixing . Quantitative and comparative analysi s  were 
expected to inform on depositional and transformational 
processes that have affected the site . Douglass Beach s ite 
analysis followed procedures used by Gagliano , and a brief 
discussion of his methodology follows . 

The Gagliano model was based on analyses of known 
terrestrial archeological sites associated with geological 
environments similar to relict features on the continental 
shelf . Fifteen terrestr ial sites from Mississipp i ,  Louis iana 
and southeast Texas were selected, representing eight coastal 
landforms , including barrier islands and estuarine margins . 
on- and off-site samples from terrestrial sites were 
subjected to standardized grain-size , point-count and 
geochemical analyses to develop criteria for distinguishing 
cultural from non-cultural deposits . 

Grain-size analysis alone held l ittle promise for 
establishing a definitive signature for cultural deposits , 
but was useful in delineating cultural deposit ' s  nature and 
origin ( Gagliano et a l .  1982 : 94 )  and site-formation 
processes . Grain-size distribution was found to have l ittle 
discr iminatory value for s ite-sediment recognition except for � levee sites . 
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For grain-size analysis,  a geologist sorted the sample 
with shaker screens of standard mesh s izes to determine 
relative proportions by weight of each particle size . The 
Wentworth Grade Sca l e ,  which was developed to permit the 
direct application of statistical practices to sedimentary 
data ( Bates and Jackson 1984 : 3 8 1 ) , was used for analysis . A 
comparison of phi grades used and the corresponding fraction 
and millimeter size are given below: 

Fraction Phi Scale Metric size 

10 - 1 . 0 0  2 . 00 0  mro 
2 0  +0 . 2 5 . 8 4 0  
6 0  +2 . 00 . 2 5 0  

100 +2 . 7 5 . 14 9  
Pan +4 . 00 . 06 2  

Point-count analysis involves microscopic examination and 
identification of particular fraction constituents . The 
results are presented as actual counts expressed as both the 
number of specific category elements and as the number of 
particles-per-ki logram of sediment . 

Gagliano noted possible diff iculties with the 
procedure : Not every particle can be counted ; some particles 
wil l  be incorrectly identified ; and counting clumped 
materials can be problematic . Gagliano ( et a l .  1 9 8 2 : 1 0 4 )  
concluded there i s  little to be gained by analyz ing the 100-
and pan-s ize fractions because of large sampling error and 
the difficulty of identifying smal l  particles . Point-count 
analysis should center on the 2 0  and larger fractions . 

It would seem , however , that the relative amount of a 
particular fraction should be a consideration . I f  the 10-
and 2 0-size fraction are but a sma l l  percentage of the 
overal l  sample weight , then significant sampling error is 
l ikely . Because these fractions contain the largest-sized 
fragments , and thus the fewer per unit of weight , using only 
the larger fractions might not accurately represent overal l  
sample composition . Consequently , relative fraction 
proportions used for point-count analysis may be important . 

Gagliano has developed site potentials based on 
qualitative (presence-absence) analysis of elements in larger 
fraction s i zes , which may diminish the concern for sample 
s i z e .  Although the 10- and 2 0-fraction components averaged 
less than 1 0  percent of the total sediments , only these 
fractions were analyzed in the 8SL17 samples , following 
Gagliano ' s  recommendations . The assumption that only the 
larger fractions need be point-count analyzed should be 
researched further , particularly in relation to relative 
fraction size . 
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Gagliano used a chi-square test for two independent 
variables with a Yates correction on the point-count 
categories of the on- and off-site samples to determine 
s ignificant component categories for distinguishing between 
s ite and non-site sediments . Chi-square test results 
indicate that presence of  shell ,  bone , and bone and 
charred material together in the 10 fraction and charred 
material or bone in the 2 0  fraction were s ignificant 
indicators of cultural activity at the 0 . 05 signif icance 
leve l . Gagliano developed percentages of l ikel ihood of the 
sediment being s ite-derived : A 100-percent l ikel ihood of a 
sediment being culturally derived is proposed for the 
presence of bone , teeth and scales , as wel l  as for bone and 
charred material together in the 1 0  fraction . In the 2 0  
fraction , the l ikelihood of sediment being s ite-derived when 
charred material was present is 69 percent , and for bone and 
charred material together , 88 percent . The l ikel ihood for a 
sediment being site-derived in the absence of these materials 
in either fraction is between 13 and 30 percent ( Gagliano et 
a l . 198 2 : 1 0 4 - 5 ) . 

D iscriminant analysis was used by Gag l i ano to determine 
the effectiveness of variables in distinguishing cultural 
from non-cultural sediments . The procedure is a quantitative 
technique for determining the statistical d i fference between 
two or more groups . Results are presented in a histogram 
that groups l ike and unlike groups . The technique attempts 
to dist inguish the precise nature of differences between 
subgroups of a population , as measured by a number of 
variables . The general procedure of discriminant analysi s  is 
to search for those variables that discriminate between the 
groups most sharply (Johnson 197 8 : 195-6 ) . The two groups 
being discriminated were the on- and off-site samples based 
on s ignificant point-count analysis variables . 

The comparison of all s ites to a l l  
off-sites through discriminant analys is 
demonstrates that i f  no other information 
is known . . . then the presence of bone 
andjor charred material in the 2 0  
fraction and bone andjor  shel l  in 
the 10 fraction are indicative that the 
sample is cultural the simplest 
approach , qual itative (presence/ absence) 
analysis of the contents of the large 
size fractions , is the most informative 
( Gagliano et al . 1982 : 1 0 7 ) . 

Results from Douglass Beach 

F ive of the six strata within the 1978 Douglass Beach • core ( Level 3 was sacrificed for a radiocarbon date) and 
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three bulk samples of strata above the core were analyzed for 
grain s i z e ,  point count and geochemistry . The results are 
presented in Appendices 1 and 2 .  Analyses followed 
Gagliano ' s  methodology ( Gagliano et a l .  198 2 ) . The sample 
numbers in stratigraphic order from top to bottom are : 6 = 
Zone 3 ;  7 = Zone 2 ;  8 = Zone 1 ( bulk samples ) ;  3 ( core level 
1 ) ; 2 ( core level 2 ) ; 1 ( core level 4 ) ; 5 ( core level 5 ) ; 4 
( core level 6 ) . 

Grain Size Analysis 

The high percentages of the 100 and pan fractions 
(Appendix 1 ) , which represent the finest sediments , indicate 

either a terrestrial or quiet-water deposition . These 
fractions average 22 percent of the total ,  with a range of 
1 2 - 3 9  percent . The 10 fraction , which contained the 
largest-si zed sediments, average 8 percent , with a range of 
1-18 percent . The 2 0  fraction averages 6 percent , with a 
range of 3 - 1 0  percent . The dominant fraction is the 60 
fraction, which averages 52 percent of the total with a range 
of 3 6-72 percent . 

Point-Count Analysis 

The point-count analysis,  also in Appendix 1 ,  indicates 
the results of the 10-fraction and 20-fraction analysis . No 

 shells were observed in any of the 8SL17 samples , and 
no other shells were identified beyond the categories of 
bivalve , gastropod and scaphopod . 

Some categories different from Gagliano ' s  were analyzed 
in the 8 SL17 samples . For example,  f ish teeth and fish 
scales were separated from bone to determine the relative 
presence of bone , whereas in Gagliano ' s  data summaries , these 
categories are combined. sea-urchin spines are very fragile 
and numerous in the marine sediments,  hence they are a good 
indicator of disturbance : If they are present , disturbance 
and mixing of the marine sea-floor sediments and the 
underlying strata can be inferred. 

Tube-worm fragments , considered an indication of 
bioturbation , were recorded for Douglass Beach . Tube-worm 
fragments , which are from shell-lined burrows , indicate 
boring activity in the bottom sediments .  Marine bryozoan 
colonies a lso indicate mixing if the sediments underlying the 
marine sea-floor sediments are demonstrated to be brackish or 
fresh water . Thus , sea-urchin spines , tube-worm fragments 
and bryozoan categories were used as indicators of 
site-formation processes , in this cas e ,  disturbance 
indicators . 

Sea-urchin spines were found in a l l  samp les except 8 ,  5 
and 4 .  Only one or two fragments were observed in each 
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case . All strata except 8 contained tube-worm fragments , • indicating sediment-burrowing organisms penetrated a l l  
sediments . The worm burrows account for sea-urchin spine 
presence in the absence of other evidence for sediment 
disturbance : The spine fragments apparently fall down the 
burrows , which can stay open after the animal dies . Wave 
activity can suspend the bottom sediments and a llow spine 
fragments to enter the burrows . Presence of both sea-urchin 
spines and tube-worm fragments indicates some bioturbation 
and mixing of sediments . More research is needed to develop 
controls for marine bioturbation . 

The 2 0  fraction of sample 6 contained the only 
colony . This can be attributed to contamination 
mixing at the uppermost portion of the strata . 

bryozoan 
or some 

Qualitative appraisal of point-count analysis results 
isolates four possible habitation strata based on the 
presence of bone in the 2 0  fraction (which comprised less 
than 10 percent of the total sediments in a l l  samples ) :  
samples 6 ,  7 ,  3 and 2 .  Sample 5 is added as a possible 
habitation stratum based on charred material in the 2 0  
fraction . Considering both the presence of bone and charred 
material in the 2 0  fraction, samples 6 ,  3 and 2 are the most 
l ikely habitation . strata 7 and 2 contain bone in the 1 0  
fraction and meet Gagliano ' s  second criterion . Sample 2 is • the only stratum meeting both criteria . The 1 0  fraction of 
sample 2 is 2 3 percent of the total sediments . Sample 6 ,  
which had no bone in the 10 fraction , has a comparable 
fraction s i z e  at 18 percent ; it is also the only sample that 
contains charred material in the 10 fraction . 

Gagl iano ' s  criteria for qual itative analysis spec ifies 
bone , but his results include bone , teeth and scales together 
in a s ingle category . The presence of fish scales and teeth 
combined with bone presents a different p icture from the 
presence of bone alone , and indicates an inconsistency in 
Gagliano ' s  mode l .  All Douglass Beach strata possess fish 
teeth or scales in either fraction except sample 8 .  
Therefore , on the presence of bone , f ish teeth or scales , as 
stated in Gagliano ( et a l .  1982 : 104 ) , all sediments except 
sample 8 can be considered possible habitation loci based on 
point-count analys is . When considered together with the 
presence of charred material in the 2 0  fraction, only samples 
6 ,  3 ,  2 and 5 are l ikely prospects . 

Discriminant Analysis 

Discriminant analysis was conducted on the point-count 
results and compared to Gagliano ' s  results ( Gagliano et a l .  
1 9 8 2 : 1 0 0 - 0 1 ) . seven of Gagliano ' s  on-site samples and f ive 
of his off-site samples were used for the comparison : • Gagliano samples 4 1Gv6 6 ,  4 1Gv1 , 22Ha5 0 0 ,  16Lf4 , 2 2Ha5 06 , 
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1 6Vm7 , 8  and 1 6Sb49 were used as the known on-site samples 
samples 1 6Sb4 9 , 1 6Vm7 , 8 ,  16Lf4 and 2 2Ha50 0  composed 
off-s ite group . 

and 
the 

The comparative analysis assigned on-site samples the 
number 1 ,  off-site samples number 2 and the eight unknown 
samples from Douglass Beach , number 3 .  Each sample from the 
eight Douglass Beach strata was run separately with the 
entire Gagliano study population of known s lte relationships 
to determine if the Douglass Beach sample would statistically 
group with the on- or off-site group . Combinations of 
variables were run to determine discriminatory power and 
where each Douglass Beach sample grouped . 

Few distinct discriminant variables are observed when 
both groups are statistically compared . However , some trends 
show consistency with the patterns reported by Gagl iano . 

Quantitative point-count discriminant analyses produce 
different results from the empirical presencej absence results 
for bone and charred material together in the 2 0  fraction , 
which indicates that strata 6 ,  3 ,  2 and 5 are possible 
sites . Using the bone , teeth and scales variable in the 10 
fraction , strata 7 ,  2 and 5 are grouped with known sites ; 
using the 2 0  fraction for the same variable , samples 6 ,  7 ,  3 ,  
2 ,  5 and 4 are grouped with the known s ites , 1 and 8 group 
with the off-s ite samples . 

Us ing the variable of charred material in the 2 0  
fraction , strata 6 ,  3 ,  2 and 5 group with the on-site 
samples , and 7 ,  8 ,  1· and 4 group with the off-site samples . 
This grouping does not change when qual itative bone 
(presence/ absence ) ,  quantitative vegetal matter , charred 

materia l ,  bone , teeth and scales are analyzed together .  
Analysis o f  quantitative charred material in the 2 0  fraction 
also produces the same grouping . Qualitative analysis of 
bone , teeth , scales and charred material in the 2 0  fraction 
positions 6 ,  7 ,  3 ,  2 ,  5 and 4 with the on-site group , and 
positions 1 and 8 with the off-site group . For the 1 0  
fraction, using qualitative bone , teeth and scales , only 
strata 8 and 4 group with the off-site samples . When charred 
matter is added to this analysi s ,  the same results are 
produced . According to these variables , strata 8 and 1 are 
least l ikely to be culturally derived. 

Discriminant analysis of the 8SL17 materi a l  and the 
Gagliano model indicates varying results when comparing the 
presence of bones , teeth, scales and charred materia l .  
Definitive signatures for continental shelf site types based 
on these variables await further refinement . Variable 
results are expected in this stage of model building , 
particularly with such a small universe of known on- and 
off-site data for comparison . The refinement of site 
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recognition methodology will come with the development of • regional s ignatures and comparisons with more known submerged 
s ites . 

Geochemical Analysis Methodology 

A battery of geochemical tests designed to discern 
cultural activity was conducted on f ive of the 1 5  sites 
studied by Gagliano ( et al . 1982 ) . Results of this study 
were compared with similar tests of the Douglass Beach 
samples . Gagliano subjected the sediments of f ive selected 
sites , along with samples of nearby off-site sedimen t ,  to 
standard tests to determine the amounts of the fol lowing : 
total carbon and total nitrogen (expressed as a percentage) ,  
z in c ,  iron , manganese , copper and a variety of phosphate 
tests , including total phosphates , all expressed as parts per 
mill ion (ppm) . 

The comparative results showed elevated phosphates in 
the on-site samples . Concentration of animal tissues on the 
s ite was likely responsible for the enriched manganese and 
z inc levels recorded. Discriminant analysis indicated that 
phosphates , z inc and iron-to-manganese ratio were the most 
discriminating variables (Gagliano et a l .  198 2 :  108-9 ) . 
Gagliano advised caution in applying his results to other 
studies , because of the small sample s i z e .  

Three errors were noted i n  the results presented by 
Gagliano (et a l .  198 2 ) . In Table 4-8 , page 1 0 8 , three 
iron-to-manganese ratios (Fe/Mn) were miscalculated . On-site 
sample 16VM7 , 8  recorded as 19 . 0  should be 3 . 1 ;  1 6Lf4 recorded 
as 24 . 0  should be 3 . 1 ; off-site sample 1 6Lf4 recorded as 74 . 8  
should be 4 6 . 3 .  Statistical comparison with the Douglass 
Beach samples used the corrected ratios . 

The geochemical analyses used for the Douglass Beach 
samples follow the protocol developed and recommended by 
Woods ( 1977 ; 1982 ; 1984 ; 198 6 ;  1 9 8 8 a ,  b )  • The samples were 
ground and screened through a 2-millimeter sieve . Analysis 
included : e lectrometr ic measurement of pH of 1 part soil : 2  
parts water mixture ; organic carbon determination by chromic 
acid digestion and titration ; Kjeldahl digestion and 
t itration for nitrogen; and plasma emission determination of 
calcium , magnesium, potassium, sodium, sulfur , z inc , 
manganese , copper , iron, boron, a luminum and total 
phosphates . Ratios of iron to manganese ( Fe/Mn) and z inc to 
iron ( Zn/Fe) were computed . Gagliano ( et a l .  198 2 )  suggested 
the iron/manganese ratio and Templet ( 19 8 6 : 2 9 6 )  suggested 
z inc/ iron ratio as good indicators of human activity . 

Other researchers have recognized phosphates , which 

• 

may occur as tightly or moderately bound compounds , as a site • discr iminator . Site location , feature recognition and site 
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delineation have all been done through phosphate 
determination ( e . g . , Woods 197 5 ;  Eidt 198 4 ) . Human residues , 
such as body waste, tissue decomposition , refuse 
concentrations and manufacturing introduce high phosphate 
concentrations . Phosphates are rapidly immobilized ,  
insoluble , very stable and tend to remain in place unless 
mechanical ly disturbed ( Eidt 198 4 : 29-3 0 ;  Woods 1986 : 19 5 ) . 
Soils 10 , 000 years old have yielded increased phosphate 
levels attributable to human activity ( Konrad et a l .  1 9 83 ) . 
Water-logged and sandy soils may not be a s  stable as dry 
soils ( Templet 1986 : 29 1 ;  Woods 1988 : 3 ) . Recent research 
(Will iam I .  Woods , personal communication) has found that 
contrary to earlier recommendations ( e . g . , Woods 1982 ; 198 4 ;  
1 9 8 6 )  it i s  unnecessary to separate the various phosphate 
compounds out in analys i s ;  total phosphate determination , a 
s impler laboratory analysi s ,  can be used with confidence to 
indicate human activity . Only total phosphates were 
determined in analysis of Douglass Beach samples . 

Other geochemical soil attributes have archeological 
significance . Anthrosols tend to have a higher pH because of 
increased alkalinity due to the presence of calcium, 
magnesium, sodium and potassium. Cultural activity increases 
these elements through many activities resulting in organic 
deposition and decomposition, but the prime source is wood 
ash ( Woods 1988a : 4 )  . Increased iron in anthroso1s l ikely 
comes from excreta . concentrations of plant and animal 
tissues and excreta increase z inc and copper . Mollusca are 
particularly high in z inc (Woods 1988a : 5 )  . Organic matter 
increases with cultural activity, consequently , organic 
carbon can be used to determine buried surface horizons 
(Woods 1986 : 19 4 ) . 

Geochemical Analysis Results from Douglass Beach 

Geochemical tests were conducted with satisfactory 
results in a l l  categories except nitrogen . Nitrogen was 
below detectable l imits in Kj eldahl analysis , a f inding not 
unusual for sediments as old as Douglass Beach (William I .  
Woods , personal communication) . Appendix 2 contains the 
results of the geochemical tests . 

Discriminant Analysis 

Discriminant analysis was run combining Gagliano ' s  
results and all Douglass Beach samples . Because a l l  Douglass 
Beach samples grouped with the known off-site samples of the 
model ,  combinations of variables were run to isolate ones 
that might serve to discriminate anthrosols . The results of 
the comparison with the Gagliano model produced some 
promising directions for the ref inement of inundated site 
recognition methodology, and these are included in the 
following discussion . 
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Total Phosphates : samples 6 ,  8 ,  2 and 3 record the 
highest levels in the 8SL17 samples . Most of the Douglass 
Beach samples have lower levels than those of Gagliano ' s  
study , which could indicate a lower level of human activity . 
There was a very high reading from an off-site sample of the 
model ( 1 6Vm7 , 8  reading : 1216 ppm) , which probably skews the 
statistical results--this known off-site sample is positioned 
with the on-site group . 

Discriminant analysis does not produce d iscrete 
groupings between the on- and off-site samples when a l l  
samples are combined . Although the histogram looks 
promising , there is considerable overlap between on- and 
off-site samples when a single unknown sample is analyzed . 
Douglass Beach samples 1 ,  2 and 6 are grouped with the 
on-site samples . 

Z inc : On- and 
be discriminatory . 
off-site group . 

off-site samples overlap , but z inc should 
All 8SL17 samples are grouped with the 

Iron to Manganese Ratio : On­
overlap , but the variable may be a 
Strata 6 ,  7 ,  3 and 2 are grouped with 
1 ,  5 and 4 are in the off-site group . 

and off-site sampl.es 
useful discriminator . 

the on-site group . 8 ,  

Z inc to Iron Ratio : Templet ( 198 6 :  2 9 6 )  found through 
multiple regression analysis and correlation tables that both 
the z inc/ iron and total phosphates indicate anthrosols at a 
9 5-percent level of confidence . A discriminant analys is was 
run with both variables of phosphate and z inc/ iron ratio 
together. There was an overlap of on- and off-site groupings 
(probably due to the high phosphate reading of one of the 
off-site samples ) , and the 8SL17 samples fell between the 
known groupings . 

Anthrosol determination by geochemical analysis is 
promising . However , the current coastal model does not 
appear capable of definitively isolating specific strata of 
human activity . At the current level of development , 
geochemical analysis may be most useful for delineating the 
spatial extension of a site and def ining intra-site 
features .  At present, there are insufficient data to propose 
a generalized geochemical signature for conclusively 
indicating anthrosols . 

Combinations of variables rather than a single attribute 

• 

• 

seem better able to isolate anthrosols . Discriminant 
analysis was conducted on Douglass Beach samples using 
variables of presence/ absence of bone , teeth and scales , 
charred materia l ,  and quantitative phosphate separately for • the 1 0  and 2 0  fraction. The results of both analyses 
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indicate this combination may be a good discriminating tool , 
as Gagliano ' s  model implies , because the on- and off-site 
samples are distinctly grouped . The results of comparison 
with the unknown samples in both cases positions samples 2 ,  
3 ,  5 and 6 with on-site , and 1 ,  4 ,  7 and 8 with the off-site 
samples . 

These findings suggest that combinations o f  variables 
that include geochemical with 10 and 2 0  point-count analysis 
may be the best analytic method for assessing unknown 
sediments for site possibi lities , whereas individual 
variables may be more useful in defining intra-site 
features . The combination of point-count analysis combined 
with phosphate and z incj iron ratios may be especially useful . 

The results of analysis indicate clearly that the 
Douglass Beach strata are geologically and geochemical ly 
distinct , and consequently, could not have been s ignificantly 
disturbed by wave processes . If wave action had reached 
these sediments in the past , the sediments would have been 
geochemically indistinguishable , even if differentially 
sorted . Sediment leaching may be discounted because o f  the 
range of variabil ity throughout the stratigraphic column . 

The radiocarbon dates , non-ceramic artifact s ,  pollen and 
faunal materials are consistent with the interpretation of an 
Archaic Period site directly beneath the seabed . The 
preservation level of remains indicates minimal site 
disturbance and material transport . The intrusive ceramics 
are , in contrast, water-worn , reveal ing significant 
transport . 

Qualitative analysis of point-count data indicate that 
a l l  strata are site-related except for sample 8 ,  and possibly 
1 .  The geochemical discriminant analysis groups different 
Douglass Beach strata with Gagliano ' s  on-site group depending 
which variables are selected : phosphate and z inc both group 
a l l  strata with the off-site group ; ironjmanganese ratio 
groups 6 ,  7 ,  3 and 2 with on-site group ; z incj iron ratio 
groups Douglass Beach samples between the on- and off-site 
groups ; and the combination of qualitative bone , teeth, 
scales , charred material and phosphate groups strata 2 ,  3 ,  5 
and 6 with the on-site group . 

Douglass Beach Site analysis results have some 
impl ications for the Gagliano model . Some bioturbation and 
wave disturbance can be controlled for by the inclusion of 
additional analytical categories , such as sea-urchin spines 
and worm-tube fragments , additional indicators need to be 
identified . Qua litative point-count categories need to be 
clarified as to the inclusion of teeth and scales with bone . 
Finally, particular combinations of variables may be more 
appropriate than single ones for site discrimination , while 
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single variables may be bett.er for intra-site feature • 
delineation . 
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CHAPTER V: CONCLUSIONS 

The 1978 Douglass Beach Site excavation provided an 
opportunity to examine an underwater site with a prehistoric 
occupation beneath a 1715 Spanish shipwreck . The obj ect of 
the investigation was to ascertain the nature of the 
prehistoric component--the earliest continental shel f  site 
located--and account for its preservation . Research 
questions centered on natural formation processes of both 
components . 

Fieldwork was conducted in the context of commercial 
shipwreck salvage , which imposed serious constraints on 
archeological inferences . Development of sound archeological 
inferences depends on collecting evidence to account for 
variability �n the archeological record . Archeological 
variability has many sources ,  including those introduced by 
methodology . Archeologists normal ly determine what is 
recorded , recovered and curated , but that is not the 
procedure in Florida on shipwreck sites . The 1715 shipwreck 
excavation has been a commercial operation , and archeologists 
have mostly been involved in salvage program administration , 
not field work . Consequently, few materials from seasons 
other than 1978 can be used as supporting evidence for 
archeological inference . 

Methodological limitations to the 1978 research stemmed 
from the commercial aspects of the fieldwork . Location of 
excavation and recovery of material could only be influenced , 
not directed . Sole reliance on the prop-wash deflector 
severely limited data collection and observation , and 
obviated stratigraphic excavation . Using a prop wash for 
anything other than removing sterile sediment is precisely 
the same as using a bulldozer for archeological excavation of 
a land site--instead of approaching ancient materials with 
the finesse of trowels and brushes , it is an instrument of 
mass ive destruction. 

Def lector modifications allowed some stratigraphic 
observation and sample collection . Three principal 
stratigraphic zones were recorded , and samples for 
radiocarbon , palynological , sedimentary and geochemical 
analysis were col lected.. Macrobotanical samples , bulk soil 
samples and a core were recovered with stratigraphic 
association . 
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Analyses indicate that the prehistoric component beneath � 
the shipwreck is well-preserved . The stratum directly 
beneath the marine sand dates at 4 8 0 0  B . P .  Arti facts are 
consistent with an Early to Middle Archaic occupation, except 
for ceramics , which show signs of sand wea r ,  l ikely 
transported from a site onshore . Faunal material , containing 
both marine and terrestrial species , was well-preserved . 
Pollen was undamaged and consistent with establ ished regional 
paleoenvironments that contained marsh- and salt-tolerant 
species . Viability of geochemical analysis was demonstrated 
for salt-water inundated s ites . Sedimentary and geochemical 
analysis together indicate the prehistoric strata are 
discrete , well-preserved and have suffered no mechanical 
disturbance . The analyses demonstrated archeological data 
sets that survive inundation and submersion .  The 
site-location model developed by Gagliano et a l .  ( 19 8 2 )  was 
tested and some ref inements were suggested , including 
development of a multiple-element geochemical s ignature for 
archeological sites and inclusion of marine fauna residues as 
a control for bioturbation . 

Barrier-island formation and migration account for the 
unexpectedly high level of preservation of the Douglass Beach 
terrestrial site in a high-energy area . Human occupation 
took place when the site was an upland or back-barrier 
lagoonal environment . As the sea level rose , the barrier  
island moved shoreward . Sand overwashed onto the back-  
barrier zones and buried associated sites . The lagoon a lso 
moved shoreward , inundating areas that contained upland 
sites . Consequently, lagoon-related sites may lie over 
earlier upland sites . 

A barrier island moves much l ike a giant tank tread , 
laying down a layer of sand by overwash as it migrates 
shoreward . The is land moves completely across and buries the 
old lagoonal and upland deposits below the wave base and surf 
zone on the barrier island foreshore . Variables in the rate 
of sea-level rise and barrier migration , and in the depth of 
both lagoonal deposit burial and the wave bas e ,  interact in 
the transgress ive sequence to affect preservation of 
archeological materials . 

The wave base will likely truncate the stratigraphic 
profi l e ,  but wave disturbance is limited and diminishes with 
the rise of sea leve l .  The active wave-base level should be 
recognizable in the stratigraphy . The wave base ' s  signature 
i s  a stratum below the seabed of materials of high specific 
gravity , size and weight . One possible wave erosional effect 
on archeological materials is that younger artifacts may 
concentrate at the wave base as upper levels erode . 
Consequently , a disturbed level of younger artifacts may 
overlay undisturbed, older sediments . Careful stratigraphic � 
excavation is necessary to recognize this phenomenon . 
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At Douglass Beach , shipwreck materials aided recognition 
of the processes affecting preserved sediments . The presence 
of s ilver coins, numerous rocks and other heavy materials in 
marine sand directly above a 4 , 8 0 0-year-old undisturbed 
stratum c learly indicated signif icant wave action . The top 
layer ( Zone 3 )  of the older stratum was composed of fine , 
unconsol idated friable sediments ,  which would rapidly 
disperse if subjected to wave action . The proximity of coins 
and other heavy materials indicates that the wave base has 
been deep enough to intersect back-barrier sediments since 
1 7 1 5 . This observation provides a signature for wave-action 
depth and a means to control for disturbanc e .  

Schiffer ( 1987 ) , Butzer ( 19 8 2 )  and others have discussed 
the importance of formulating general principles of 
s ite-formation processes to account for variables in the 
archeological record . The natural processes responsible for 
the position and preservat ion of artifacts and stratigraphy 
of the Douglass Beach site are uniformitarian . As a result 
of investigations at Douglass Beach , I suggest two new 
general principles for addition to the growing body of 
natural-formation processes influencing archeological 
enquiry . These principles are important to the development 
of archeological inferences from underwater sites and are 
offered for further testing . 

1 .  Artifacts whose specific gravity is greater than the 
surrounding sand , which are deposited in sand deeper than the 
wave bas e ,  wi l l  migrate downward to the wave base and 
stabil i ze . 

2 .  Barrier-island migration preserves 
lagoon-related and upland sediments and related 
sites from the mechanical impact of inundation . 

back-barrier , 
archeological 

There are many impl ications for the investigation of 
shipwrecks and inundated sites . For shipwrecks , i t  i s  clear 
that spatial provenience is important even in 
storm-deposited , high-energy environments . In the sandy 
areas of the Douglass Beach shipwreck , heavy artifacts do not 
move about horizontally but are stabilized . This observation 
obviously counters the disaster-and-degeneration view of 
wrecks in h igh-energy environments . Derivation of 
supportable archeological inferences about the past based on 
shipwreck evidence requires specific scientific research on 
natural-formation processe s .  The archeological potential o f  
wrecks wil l  be limited a s  long a s  this scientific research i s  
delayed . 

However , scientific research alone is not enough . Most 
current state historical shipwreck salvage laws reflect 
disaster-and-degeneration assumptions . Shipwrecks are 
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diminishing at an ever-increasing rate , and growing • 
commercia l exploitation poses a severe threat . The Douglass 
Beach observations augment the evidence that shallow-water 
shipwrecks retain a high degree of site integrity . 
Commerci a l  salvage is an increasingly indefensible 
governmental policy and must be reevaluated , or discussions 
of archeological potential of historic shipwrecks will be 
academic . 

For inundated terrestrial s ites located in h igh-energy 
environments ,  the imp lications are especially s ignificant for 
site location and evaluation . Archeologists earl ier assumed 
that inundated s ites would be preserved only on low-energy 
coastlines like parts of the Gulf of Mexico . Consequently , 
in the search for submerged s ites they have ignored the 
Southeast Atlantic shelf and surveyed only in the Gul f ,  
obviously assuming that high-energy coastal processes destroy 
land s ites during inundat ion . 

The Douglass Beach s ite demonstrates that barri er-island 
migration can preserve sites . Furthermore , the model for 
offshore s ite location can be expanded to include submerged , 
remnant barrier features . Most current site-location models 
focus on relic riverine features in low-energy areas . such 
models are based on narrow assumptions and are inadequate . 

Because of their linearity , elevation and characteristic 
sedimentary profi le ,  barrier islands can be recogni zed during 
remote-sensing surveys . Ancient barriers have been located 
on the southeast continental shelf and off the coast of 
Delaware . The Delaware barriers deve loped between 8 0 0 0  and 
1 4 0 0 0  B . P .  The most promising targets for Atlantic shelf 
sites are areas beneath and seaward of remnant barrier 
islands . Such areas can be located with high-resolution 
remote-sensing survey . 

It is unlikely that the inundated s ite at Douglass Beach 
would have been located with any current s ite-location 
model . There is l ittle question that a s ite l ike 8 SL17 would 
be difficult to locate , but without a predictive model based 
on geomorphological factors and a methodology for 
distinguishing cultural from non-cultural sediments , the task 
would be impossible . constant reappraisa l ,  testing and 
refinement of predictive models for sites on the continental 
shelf and development of recognition methodologies are the 
precursors to realiz ing the archeological potential of 
offshore sites . 

• 

To achieve this potent ial , it is time to put aside the 
old disaster-and-degeneration assumptions and take a 
sc ientific , investigative approach to understand s ite 
formation processes . • 
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1 09 

1 09 



 Phi 

- 1 . 00 

+ 0 . 25 
+ 2 . 00 

+ 2 . 75 

+ 4 . 00 

s i l t  & c l ay ( by d i f f . ) 

Tota l 

  

3 . 43 

5 . 1 5  

6 7 . 1 6  

1 2 .  1 3  

1 o .  35 

3 . 05 

1 01 . 27 

% of total 

3 . 39  
5 . 09  

66 . 32 

1 1 .98 
1 0 . 22 

3 . 00 

1 0 0 .  00 

- 1 . 00 Phi +0. 25 Phi 

 Actual Part i cl es Actual Part i cl es 

count per k g  count per k g  

B i va l ve she l l 1 1  1 09 1 64 3042 
Gastropod she 1 I 4 39 
Scaphopod she 1 1 
She l l fragment 

Carbonate concret i on 

Cemented s i l t  or sand 

Coarse sand 

F i sh teeth 

F i sh scal es 

Bone 

Worm tube or fragment 

Crustacean fragment 

Sea urch i n sp i ne 

Bryozoan col ony 

Vegetal matter 

Charred vegetal matter 

Total counted 

Wt. of amount 

counted, grams 

21 

1 

2 

1 ?  

1 29  

3 . 43 

74 

879 

207 

1 0  

2 0  

1 0  

35 649 

322 5972 
9 1 67 

279 5 1 75 
400 7420 

1 4  260 

2 37 

3 56 

1 228 

2 . 74 1 6  

• 

• 

• 
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 #5 

  Phi 
- 1 . 00 

+ 0 . 25 

+ 2 .  00 

+ 2 .  75 

+ 4 . 00 

s i l t  & c l ay ( by d i f f . ) 

Total 

Ccxnponent 

�Jei   

4 . 35 

6 . 49 

84. 1 6  

1 5 . 27 

1 1 . 92 

1 4 . 23 

1 36 . 42 

- 1 . 00 
Actual 

count - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
B i va l ve she l l 21 
Gastropod shel l 1 9  
s�:aphopod she l l 

She l l frag1lent 98 
Carbonate concret i on 2 
Certented s i l t  or sand 48 
Coarse san d  

F i sh teeth 5 
F i sh scal es 

Bon�e 

Worm tube or fragmer�t 5 
Crustacear� fragment 1 
Sea urch i n  sp i ne 

Bryozoan col ony 
Vegetal matter 

Charred vegetal matter 

Total counted 200 

Wt . of amount 

counted, grams 4 . 35 

7 5  

7. o f  total 

Phi 

3 . 1 9  

4 . 76 

6 1 . 69 

1 1  . 19 

8 . 74 

1 0 . 43 

1 0 0 .  00 

Part i c l es 

per k g  

+ 0 . 25 

Actual 

count - - - - - - - - - - - - - - - v• - - - - -
1 54 28 

25 8 

7 1 8  82 
1 5  4 

352 250 

4 1 1 

37 2 

7 2 

37 6 

7 1 

1 

796 

1 .  5247 

Phi 

Part i cl es 

per kg - - - - - - - - -
874 
250 

3 1  
2558 

1 25 

7800 

1 2824 

62 

62 

1 37 

3 1  

3 1  



 Phi 
- 1 . 00 

+ 0 . 25 

+2. 00 

+2. 75 

+ 4 . 00 

s i l t  & c l ay C by d i f f . l 

Tota l 

  

4 . 47 

1 0 . 26 

5 3 . 1 7  

7 .  51 

8 . 92 

33 . 7 1 

1 1 8 . 06 

X of total 
3 . 79 

8. 69 

45. 04 

6 . 36 

7 . 56 

2 8 . 56 

1 00 .  00 

- 1 . 00 Phi . 0 . 25 Phi 

Component 

S i va l ve she l l 

Gas tropod she 1 l 
Scaphopod she 1 1 
sr�e l l frag;nent 

Carbonate concret i on 

Cemented s i l t  or sand 
Coarse sand 

F i sh teeth 

F i sh sca l es 

Bone 
Worm tube or fragment 

Crustacean fragment 

Sea urch i n sp i ne 

Bryozoan col ony 

Vegetal matter 

Charred vegetal matter 

Total counted 

Wt. of amount 
counted, grams 

Actual 

count 

8 
3 

1 48 

3 

96 

1 

259 

4 . 47 

7 6  

Part i c l es 
per k g  

68 

25 

1 253 

25 

8 1 3  

8 

Actual Part i cl es 

count per k g  - - - - - - - - ·- - - - - - - - -· 
6 409 
2 1 :>/ �o 

1 57 1 07 1 .3  

4 1 7 23457 

1 8  1 228 

1 68 

68 

602 

1 . 2735 

• 

• 

• 
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APPENDIX 2 :  RESULTS OF GEOCHEMICAL ANALYSIS OF THE 8SL17 SAMPLES 

Results are in parts 
indicated . samples are 
bottom . 

per million ,  except where otherwise 
l isted in stratigraphic order top to 

sample 

6 
7 
8 
3 
2 
1 
5 
4 

Ph 

7 . 0  
7 . 6  
8 . 0  
6 . 9  
8 . 3  
7 . 4  
7 . 2  
8 . 0  

organic carbon 

0 . 4 1% 
0 . 3 6 %  
0 . 19% 
0 . 50% 
0 . 11% 
0 . 2 7 %  
0 . 4 0 %  
0 . 4 1% 

Z inc 

8 . 128 
3 . 518 
6 . 58 9  

12 . 754 
8 . 683 

12 . 4 88 
1 0 . 788 
15 . 2 3 4  

Iron 

3 2 1 2  
1473 
5 3 1 7  
3 6 0 0  
1468 
1759 

10487 
16227 

Manganese 

4 2 . 3 6 5  
1 6 . 1 8 1  
2 3 . 5 5 1  
4 0 . 2 9 0  
1 8 . 5 8 5  
1 3 . 7 3 1  
3 0 . 3 4 5  
6 3 . 7 3 8  

Sample Calcium Phosphorus Magnesium Potassium Sodium 

6 
7 
8 
3 
2 
1 
5 
4 

178544 . 8  
9 4 2 9 5 . 5  
1 5 2 3 9 . 3  
8 9 9 10 . 2  

1 6 3 42 0 . 5  
5 7 4 7 4 . 9  
517 8 0 . 8  

168502 . 8  

4 3 4 . 8 3 
191 . 66 

84 . 11 
4 55 . 99 
4 0 0 . 68 
259 . 2 0 
147 . 64 
5 0 1 . 03 

2 1 3 3 . 15 
1 150 . 9 5  
1 1 2 0 . 60 
1745 . 50 
1074 . 3 4 

6 4 1 . 8 4 
1576 . 90 
2 69 7 . 38 

9 7 4 . 2 8  
67 1 . 50 

1099 . 67 
107 1 . 84 

6 6 0 . 98 
7 64 . 43 

1885 . 3 7 
2 2 6 6 . 64 

3 8 6 7 . 98 
3 14 3 . 2 1 
2 9 5 3 . 4 5 
4 1 9 6 . 2 3 
2 2 4 8 . 2 0  
1 7 3 2 . 09 
4 7 7 8 . 03 
6 6 16 . 3 6 

Sample Sulfur Zinc Copper Boron Aluminum Fe/Mn Zn/Fe (x1o 3 ) 

6 
7 
8 
3 
2 
1 
5 
4 

3 1 00 . 0  
1408 . 3  
3 45 9 . 7  
2 5 6 5 . 8  
1 2 3 9 . 0  
1 5 4 8 . 2  
7 2 08 . 8  

1 3 4 6 8 . 8  

8 . 13 
3 . 52 
6 . 59 

12 . 75 
8 . 68 

12 . 4 9 
10 . 7 9 
15 . 2 3 

4 . 14 
18 . 74 

6 .  3 1  
7 . 10 
5 . 51 
8 . 2 1 
5 . 12 
6 . 4 5 

7 7  

19 . 4 6  
9 . 65 

10 . 47 
1 1 . 16 

8 . 2 9 
6 .  7 2  

1 1 . 63 
19 . 4 6  

3 04 2 . 7  
1189 . 6  
4 7 11 . 3  
7 8 01 . 5  
1347 . 7  

7 3 5 . 7  
7117 . 8  

1194 6 . 0  

7 5 . 8  
9 1 . 4  

2 2 6 . 0  
8 9 3 . 0  

7 8 . 9  
1 2 8 . 4  
3 4 6 . 1  
2 54 . 0  

2 . 53 
2 . 3 9 
1 . 24 
3 . 54 
5 . 9 1 
7 . 10 
1 . 02 
9 . 3 9 
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INTRODUCTION 

A sediment core and three bulk samples col lected from 
beneath the Gold Wreck ( 8SL17)  at the Douglass Beach Site in 
1 9 7 8  represent prehistoric sediments beneath later Spanish 
material . The core was collected approximately 1 meter below 
the existing beach sand in approximately 12 to 1 5  feet of 
water . Three bulk samples were collected for analysis above 
the core . A dark , organic layer was included in the core , 
which may represent a backwater lagoon . The present 
backwater lagoon is located behind a barrier i sland . The top 
layer of the sediment was radiocarbon dated to approximately 
5 0 0 0  B . P .  (Murphy , personal communication , August 1 9 8 8 ) . 
Pollen analysis of these sediments was designed to address 
questions of local vegetation , identification of backwater 
lagoonal conditions , if present, and to contribute data for 
analysis and interpretation of site formation processes . In 
addition , the vegetation is discussed with respect to 
possible availability of edible portions that may have been 
exploited by inhabitants of this site . 

METHODS 

The pollen was extracted from soil samples submitted by 
Larry Murphy from deposits off Ft . Pierce Beach in Florida . 
A chemical extraction technique based on flotation is the 
standard preparation technique used in this laboratory for 
the removal of the pollen from the large volume of sand , s i lt 
and clay with which they are mixed . This particular process 
was developed for extraction of pollen from soils where 
preservation has been less than ideal and pollen density is 
low . 

Hydrochloric acid ( 10 % )  w.as used to remove calcium 
carbonates present in the soi l ,  after which the samples were 
screened through 150 micron mesh . Sodium polytungstate 
( density 2 . 0 ) was used for the flotation process . All 
samp les received a short ( 10 minute) treatment in hot 
hydrof luoric acid to remove any remaining inorganic 
particles . The samples were then acetolated for 3 minutes to 
remove any extraneous organic matter . 

A l ight microscope was used to count the pollen to a 
total of 1 0 0  to 2 0 0  pollen grains at a magnification of 
4 3 0 x .  Pollen preservation in these samples varied from good 
to poor . Comparative reference material collected at the 
Intermountain Herbarium at Utah state University , the 
University of Colorado Herbarium, and from the f ield station 
on the island of San Salvador in the Bahamas was used to 

• 

• 

identify the pollen to the fami ly, genus and species level ,  • where possible . 
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Pollen aggregates were recorded during identification of 
the pollen . Aggregates are clumps of a single type of 
pol len, and may be interpreted to represent pol len dispersal 
over short distances , or the actual introduction of portions 
of the plant represented into an archaeological setting . 
Aggregates were included in the pollen counts as single 
grains , as is customary . The presence of aggregates is noted 
by an "A" next to the pollen frequency on the pollen diagram . 

Indeterminate pollen includes pollen grains that are 
folded , mutilated , and otherwise distorted beyond 
recognition . These grains are included in the total pollen 
count , as they are part of the pollen record . 

DISCUSSION 

The sediment core analyzed for pollen at Douglass Beach , 
near F t .  Pierce , Florida in approximately 12-15 feet of water 
( Table 1 ) . The uppermost bulk sample yielded a radiocarbon 
age of approximately 5000 B . P .  ( Larry Murphy , personal 
communication , December 198 8 ) , making a l l  sediments analyzed 
older than 5 0 0 0  years . The present on-shore vegetation is 
dominated by Austral ian pine  a recent 
introduction . No Casuarina pollen was observed in the pollen 
record , suggesting that the sediments analyzed have not 
suffered mixing in the recent (historic) past . 

Analysis of the sediments suggests that an organic layer 
(represented by pollen samples 2 and 3 )  may be an emergent 

marsh . Deposits above and below this l ayer contain 
significantly less organic matter and are described as 
washover sands and shell hash . The only exception is the 
uppermost level (pol len sample 5 ) , which may contain lagoonal 
mud with windblown or washover sand and shell ( Larry Murphy, 
personal communication , August 1988 ) . The pollen record in 
sample 5 is vastly different from that in samples 2 and 3 ,  
however .  

Three bulk samples were collected from the sediment 
layers from Zones 1 ,  2 and 3 above the sediment core . This 
sediment was loose and readily blown by the excavating 
equipment . A radiocarbon age of approximately 5 0 0 0  B . P .  is 
reported for Zone 3 ,  the uppermost zone sampled and analyzed 
for pollen . 

The sediment core may be described as having six 
levels . Level 1 is the uppermost,  and i s  represented by 
pollen sample 5 .  This level is gray in color and contains 
numerous shells . Level 2 is represented by pollen sample 4 .  
This level is yellow-brown, with some gray deposits , 
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particularly towards the bas0. . Shells were numerous in this • deposit . Level 3 is a da � - organic layer , and is 
represented by pollen samples � and 3 .  A carbonate date of 
9 1 1 0  +- 3 1 0  B . P .  was obtained for this layer . The sample was 
not large enough to a llow pretreatment of the carbonates , so 
the date is suspect . Level 4 is a gray lens underlying the 
dark , organic concentration. This lens a lso contains 
shells . Level 5 is a coarse sand , yellow in color and 
exhibiting evidence of oxidation . Level 6 i s  another coarse 
sand , gray in color . This was the basal deposit sampled for 
pollen . 

The pollen record cont. ,_ three major components : 
 Cheno-am and Gramineae pol len ( F igure 1 ,  Table 2 ) . 

The Pinus pollen probably represents transport from pines in 
wooded areas farther inland . It is possible that the 
increases in Pinus pollen occur with the decrease i n  local 
non-arboreal vegetation , thereby apparently increasing the 
relative quantity of pine pollen in the record . Pine pollen 
i s  very readily transported on the wind , and may contribute 
to the pollen record in locations where it does not grow in 
the immediate vicinity . Increases in Cheno-am and Gramineae 
pollen are interpreted to indicate increases in local 
vegetation , including possibly pigweed , members of the 
goosefoot family, and members of the grass family . 

Sample 
No . 

Bulk 9 
Bulk 10 
Bulk 1 1  

5 
4 

3 

2 

1 
6 

7 

TABLE 1 
PROVENIENCE OF POLLEN SAMPLES ANALYZED 

Depth J.n inches 
below top o f  core 

Zone 3 
Zone 2 
Zone 1 

2 - 3  
10-11 

1 2 . 5-13 . 5 

14 . 5-15 . 5  

17-18 
2 3 - 2 4  

19 . 5 - 2 0 . 5  

Sediment 'l_ype 

coarse sand, gray 
coarse sand, yellow-brown , 
containing shells 
Dark, organic, black , 

few shells 
Dark , organic , black , 

few shells 
Coarse sand, gray 
Coarse sand , gray 

with shells 
Coarse sand , yel low-brown , 

oxidized 

8 2  

Pollen 
counted 

2 0 0  
2 0 0  
1 0 0  
2 0 0  

2 0 0  

2 0 0  

2 0 0  
2 0 0  

Insuff 

1 0 0  

• 

• 
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TABLE 2 
POLLEN TYPES OBSERVED IN SAMPLES FROM 8 SL17 

Scientific Name 

ARBOREAL POLLEN : 
 a 

 
Corylaceae 
Myrtaceae 
Pinus 

 
Salix 

NON-ARBOREAL POLLEN : 
Anacardiaceae 
Boraginaceae 
Caryophyllaceae 
Cheno-ams 

Compositae : 
Artemisia 
Low-spine 

High-spine 

Cyperaceae 
Gramineae 
Lil iaceae 
Nyctaginaceae 
Ranunculaceae 
Sesuvium 
Tribulus 

 

Common Name 

Hickory , Pecan 
Chestnut 
Birch or corylus family 
Eucalyptus family 
Pine 
Oak 
Willow 

Sumac family 
Borage family 
Pink family 
Includes amaranth and 

p igweed family 
Sunflower family 
wormwood 
Includes ragweed , 

cocklebur , etc . 
Includes aster , 

sunflower , etc . 
Sedge family 
Grass family 
Lily family 
Four o '  clock family 
Buttercup family 
sea-purselane 
Puncture vine 
Cattail 

Other elements of the pollen record include  cf . 
 corylaceae , Myrtaceae ,  and Salix as 

representatives of the tree communities . The presence of 
this variety of tree pollen suggests that the area inland 
from Douglass Beach may have been wooded with a variety of 
pines and hardwoods for the period represented, which is 5 0 0 0  
B . P .  and before . I t  is unusual that there is no Cupressaceae 
or Taxodiaceae pollen from these deposits , as these families 
are expected to contribute heavily to the local tree 
populations . The pollen from these families are virtually 
indistinguishable , and are usually combined in pollen 
reports . A deposit of peat ( Cockrell and Murphy 1 9 7 8 a ) , 
several wel l-preserved tree trunk s ,  human bone , and artifacts 
made from stone , shell and bone have been recovered from this 
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ZONE/DEPTH IN INCHES 

SAMPLE NO. 

" 
ARBOREAL POLLEN 

Cary a 
of. Castanea 
CORYLACEAE 
MYRTACEAE 
Pinus 

O"' Quercus 

O "' Salix 

ANACARDIACEAE 
BORAGINACEAE 
CARY OPYLLACEAE 
CHENO-AMS 

() 

Artemisia 
LOW-SPINE 

 �� HIGH-SPINE 
 J !  

)> m  
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CYPERACEAE 
ELEAGNACEAE 
ERICACEAE �� GRAMINEAE 

LILIACEAE of. Smilax 
NYCTAGINACEAE 
of. RANUNCULACEAE 
Sesuvium 

Tribulus 
Typha angustifolia-type 0, INDETERMINATE 

.. 
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site . The presence of hardwoods surrounding the area i s  
reported from this evidence by Cockrell ( 1 9 8 0 ) . 

Evidence for a drier, cooler environment supporting a 
remnant deciduous forest , which extended into the Florida 
peninsula , is reported by King ( 19 7 5  in Cockrel l  and Murphy 
1 9 7 8b )  and watts ( 19 6 9 ,  1971 in Cockrell and Murphy 1978b) . 
General reconstructed vegetation for the period approximately 
5 0 0 0  B . P .  describes most of Florida as covered by the 
Southeastern Evergreen Forest and relies primarily on 
interpretations of the arboreal portion of the pollen 
record . These conditions hold true even at 1 0 , 0 0 0  B . P .  
( Delcourt and Delcourt 198 5 ) . The Southeast Evergreen Forest 
is the dominant vegetation type , and does not preclude the 
presence of a variety of hardwoods in isolated stands or 
small quantities . It should be noted that the reconstruction 
of the vegetation at 2 0 0  B . P .  is also Southeastern Evergreen 
Forest . The large quantities of Pinus pollen in the pollen 
record from the Douglass Beach Site throughout most of the 
core sampled is consistent with published reconstructions of 
an evergreen forest . Subtle changes in effective 
precipitation and f ire frequency may affect local 
constituents of this major vegetation community ( Delcourt and 
Delcourt 1 9 8 5 ) . 

The non-arboreal portion of the pollen record may 
address questions of local vegetation and the possible 
presence of lagoonal or marsh conditions . Pollen samples 2 
and 3 were col lected from the dark , organic level which was 
interpreted from a preliminary sediment analysis to probably 
represent marsh or lagoonal sediments . These sediments 
displayed an increase in both Cheno- am and Gramineae pollen , 
suggesting that pollen produced by these locally abundant 
plants overshadowed the pine pollen being transported from 
the nearby evergreen forests . Many members of the Cheno-am 
pollen group are opportunistic or invade disturbed areas and 
act as primary colonizers . Many are also tolerant of saline 
in the soils and air and may have contributed to the local 
marsh vegetation . The designation Cheno-am refers to the 
family of Chenopodiaceae (goosefoot family) , as wel l  as the 
genus Amaranthus (pigweed ) . This type of pol len is produced 
abundantly by these plants , and is also readily wind 
transported . Wherever they grow they contribute to the 
pol len record . I f  the plants are abundant , they frequently 
dominate the pollen record . 

The large frequencies of Gramineae pollen, also , may 
reflect a local marsh . Gramineae pollen is particularly high 
in samples 1 ,  2 and 3 col lected immediately below the dark , 
organic layer, and ins ide the dark , organic layer . Other 
samples contain significantly less Gramineae pollen . Some 
grasses tolerate saline and brackish conditions and may be 
associated with coastal marshe s .  Such a grass is  
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( cord- or marsh-gra ss ) . This grass is a common component of 4lt 
brackish and freshwater coastal marshes ( Fernald 1 9 5 0 ) . 

Pollen from the Compositae ( sunf lower family) i s  noted 
primarily in samples collected above and below the organic 
layer . several genera from this family grow wel l in 
disturbed habitats . This family includes genera that inhabit 
a broad range of habitats . Therefore , no interpretations are 
made concerning the distribution of this pollen . 

cyperaceae ( sedge) pollen is noted in relatively small 
quantities throughout much of the later portion of the pol len 
record . Sedges may occupy habitats similar to grasses , 
andjor be found in wet areas . 

Sesuvium ( sea-purslane) pollen is noted in several 
samples , and represents an annual tolerant of the saline 
conditions of damp , coastal sands, where it grows . Tribulus 
is an annual that prefers dry, open sandy ground . It i s  not 
expected to grow in the marshy areas , but may have grown 
inland from the coastal sands and marshy areas . Some members 
of the l i ly family are also adapted to brackish water 
conditions , such as Smilax . A single Smilax-type pol l en was 
observed in pollen sample 5 .  Other Liliaceae pollen observed 
are the typical monosulcate forms .  ( catta i l )  pollen 
was observed only in sample 4 .  This suggests that marsh 
conditions persisted somewhere in the vicinity . 

Pollen sample 6 ,  col lected from the base o f  the core,  
did not y ield sufficient pollen for analysis . This sample 
contained an abundant quantity of what appeared to be sma l l  
pieces of charcoal .  The few pollen grains observed were in a 
poor state of preservation . 

The pollen record from the core displays patterns that 
correlate with the observed strata . Pollen samples 2 and 3 
correspond with a very dark , organic lens that appears to 
represent marsh sediments . These two samples display the 
smallest quantities of Pinus pollen observed in this study. 
This may be due to an increase in vegetation in the area 
being sampled . Locally ,  the vegetation appears to experience 
a dramatic increase in grasses , which were probably a maj or 
component of the marsh . The composites a l l  but disappear 
from the pollen record at this time , to reappear later when 
there is no evidence of a marsh . sesuvium pollen is highest 
in Sample 2 ,  which may indicate a coasta l strand community at 
the edge of the marsh , s ince Sesuvium is tolerant of salt 
spray, and frequently grows near the coast . The increase in 
Cheno-am pollen probably a lso reflects an increase in these 
plants in the local vegetation under marshy conditions . 

• 

These p lants may have grown at the edge of the marsh, 
benefitting from the marshy habitat without growing directly 4lt in it . Cheno-am pollen is readily wind transported , so 
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increases in this pollen 
increased vegetation in the 
rather than within the marsh 

type may be associated with 
general vicinity o f  the marsh , 

itsel f .  

The upper portion of the core is marked by a prominent 
increase in Pinus pol len , and decreases in Cheno-am, 
Gramineae and other non-arboreal pollen . This suggests the 
possibility that most of the pollen recovered in the upper 
portion of the core was wind transported from other 
vegetation communitie s ,  rather than representing vegetation 
at the location cored . This may happen if the area cored had 
been underwater during deposition of these sediments . The 
upper portion of the core is very similar to the lowest bulk 
sample . 

Three bulk samples were col lected from Zones 3 ,  2 and 1 
above the cored sediments . These upper sediments were 
fragil e ,  and readily obliterated by the blower during 
excavation, and so were sampled by hand . The pollen record 
from these levels are represented in samples 9 ,  10 and 11 . 
These samp les , as wel l  as the uppermost core samples , display 
relatively large quantities of Pinus pollen, which represents 
wind transport from the nearby forested areas . The Cheno-am 
frequencies are moderately high , with the peak occurring in 
zone 2 .  Low- and High-spine compositae pol len probably 
present local components of the vegetation . The Gramineae 
pollen frequencies are relatively low, particularly when 
compared with the high frequencies recovered immediately 
prior to and within the marsh sediments . The small quantity 
of Cyperaceae pollen recovered in a l l  of the bulk samples is 
similar to that recorded in the upper portion of the core . 
cyperaceae pollen was not recovered in samples collected from 
the marsh depos its .  which grows wel l  in sandy 
deposits , and is tolerant of salt spray, and thus 
successfully grows near shorelines , i s  observed in Zones 1 
and 3 .  

Pol len that represents trees or plants that may have 
contributed to the subsistence base of inhabitants of this 
area include :   Cheno-ams , Gramineae , 
Liliaceae and  Both  (hickory) and  ( oak) 
produce edible nuts . Nuts are a more concentrated food 
source than seeds or greens , and are frequently collected 
preferentially to other resources . Although apparently not 
abundant in the local environment , it is probable that both 
acorns and hickory nuts would have been exploited i f  they 
were ava ilable . 

Acorns are noted to have been an important food 
historically (Reidhead 198 1 ,  Yarnell 1 9 6 4 ) . Both bitter and 
sweet acorns have been gathered and used for food . Sweet 
acorns , produced by white oak , are relatively small and 
require a longer time to collect than do bitter acorns . In 
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addition , a good crop of acorns is produced by white oaks • only approximately every four to ten years . The bitter 
acorns , commonly produced by red and black oaks , are larger 
than sweet acorns and tend to have high yields every two to 
three years . Average f igures for acorn production varied 
between . 6  and 8 . 6  pounds of unshelled nuts per tree . White 
oak acorns sprout readily shortly after fall ing to the 
ground , frequently within three or four weeks . Red and black 
oak acorns , however , may lie on the ground for months before 
sprouting , which elongates the time ava ilable for 
col lection . In addition , the sweet acorns are more desirable 
to animals and pests , and thus there is increased competition 
for these nuts . The bitter taste , produced by tannins within 
the acorns , may be readily removed from the acorn meat by 
pulveri z ing the acorn s ,  placing them in fine nets , then 
submerging them in streams or rivers . This is a relatively 
effective treatment for removing tannins and is not 
labor- intensive (Reidhead 1981) . Acorns were most commonly 
ground into flour , which may have been used to thicken soup 
stock or cooked into bread, used as a pudding base , as a 
mush , or with other foods . The nuts may also be roasted and 
eaten whole (Reidhead 198 1 ) . 

Hickory  nuts are recorded as the most important 
nut used by Indians of North America at the time of contact 
(Reidhead 1 9 8 1 )  . Hickory nuts were commonly reduced to • butters or oils for consumption . Competition with animals is 
l ikely , as squirrels begin harvesting hickory nuts before 
they fall from the tree . Hickory nuts were usual ly shelled 
by crushing the entire nut , then separating the nutmeats and 
shel l  through a water separation or water flotation . 
Frequently the water was boiled or the nuts placed in a 
soup . Oils extracted from the nuts during this process were 
consumed with the water or soup . Nutmeats could be strained 
from the top of the water , while nutshells fell to the bottom 
and were easily discarded . Occasionally the nutmeats were 
separated with cold water , which was agitated causing the 
meat and oils to rise and shells to sink . stone mortars and 
pestles are also noted to have been used to crush the nuts . 
Larger wooden mortars are noted to have been used 
historically for processing larger quantities of hickory 
nuts . Hickories produce a good yield approximately once out 
of every one to f ive years . Reidhead ( 19 8 1 )  reports an 
estimated average yield of approximately 15 pounds per tree . 

Cheno-ams are a group of plants that include the 
goosefoot family ( Chenopodiaceae) and p igweed ( Amaranthus) 
and were exploited for both their greens ( cooked as potherbs) 
and seeds . The greens are most tender when young, in the 
spring , but may be used at any time . The seeds were ground 
and used to make a variety of mushes and cakes . The seeds 
are usua l ly noted to have been parched prior to grinding . •  and Amaranthus are both weedy annuals capable of 
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SUMMARY AND CONCLUSIONS 

The pollen record from the Douglass Beach Site ( 8 SL17 )  
suggests that the major vegetation inland consisted of an 
evergreen forest composed primarily of pines . In addition, 
pol len from hardwoods was also noted, indicating that 
hardwoods were a part of the tree community . The local 
vegetation , which is probably represented by the non-arboreal 
pollen , displays an increase in grasses in samples 1 ,  2 and 
3 .  Sample 1 immediately predates the dark , organic layer , 
and probably indicates the beginning of the formation of 
marshy conditions . The pollen record indicates that a marsh 
develops and is responsible for the production of the organic 
material in the core represented by pollen samples 2 and 3 .  
Production of pollen by the local marsh vegetation displaces 
a portion of the pine pollen, which is present through longer 
distance wind transport , during this period . The marsh and 
environs immediately surrounding the marsh appear to have 
supported grasses , as well as other plants including 
Cheno-ams and possibly members of the l i ly fami ly . Sesuvium 
and  both noted in the pollen record from the marsh 
deposits , probably grew in damp or drier coastal sands . The 
pol len record suggests that prior to the formation of the 
marsh deposit s ,  local vegetation was typical of sandy 
beaches , and farther inland supported primarily the 
Southeastern Evergreen Forest . Pollen samples associated 
with the marsh deposits ( samples 2 and 3 )  display higher 
frequencies of plants and fami lies containing members that 
are salt tolerant ( particularly the grasses and Cheno-ams ) .  
The marsh decl ines or ceases to exist immediately above the 
dark, organic level . The presence of  ( catta i l )  pollen 
in sample 4 suggests that at least a portion of the marsh 
remains in the vicinity of the area sampled . By the 
uppermost level (pollen sample 5 ) , however , a l l  evidence of 
the marsh vanishes from the pollen record . Pollen samples 
collected as bulk samples from the sediments above the core 
suggest a period of local disturbance in Zone 2 that 
interrupted the dominance of the pollen record by Pinus 
pollen, representing long distance transport from the 
Southeastern Evergreen Forest . The pollen samples from Zones 
1 ,  2 and 3 suggest that conditions were fairly constant at 
this time , with the possible exception of Zone 2 ,  which 
records a s light increase in Gramineae and an increase in 
Cheno-am pollen, suggesting an increase in local vegetation , 
which affects the representation of Pinus pollen through long 
distance transport . 

The pollen record displays evidence of a number of trees 
and plants that may have been exploited as food items by 
native prehistoric inhabitants . The trees include hickory 
and oak . Both produce edible nuts , which would probably have 
been gathered even if the trees were not abundant locally .  
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Other plants that may have been util i z ed for food include • 
Chene am seeds or greens , grass seeds , l ily roots , and 
cattai l  roots or pollen . The pollen record indicates that 
the local vegetation may have provided a variety of vegetal 
items for exploitation by a prehistoric population . 
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As the Nation ' s  principal conservation agency, the Department 
of the Interior has responsibi lity for most of our 
nationally-owned public lands and natural and cultural 
resources . This includes fostering wise use of our land and 
water resources , protecting our fish and wildl ife , preserving 
the environmental and cultural values of our national parks 
and historical places, and providing for the enj oyment of 
life through outdoor recreation . The Department assesses our 
energy and mineral resources and works to assure that their 
development is in the best interests of all our peop l e .  The 
Department also promotes the goals of the Take Pride in 
America campaign by encouraging stewardship and citizen 
participation in their care . The Department also has a maj or 
responsibi l ity for American Indian reservation communities 
and for people who l ive in Island Territories under u . s  . 
Administration . 
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